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(54) CYCLIC COMPOUNDS 



CN 



(57) 1. A cyclic compound of the formula (I) or a 
pharmacologically acceptable salt thereof, 



V 



R 




COR 



3 (I) 



wherein X is =CH-or=N-, Y is-NH-, -NR 4 -, -S-, 
- 0-, -CH=N-, -N=CH-, -N=N-, -CH=CH-, etc., R1 is 
a lower alkoxy group, an amino group, a heterocy- 
clic ring containing N atom(s), or a hydroxy group 
substituted by a heterocyclic ring containing N atom 
(s) (each of which is optionally substituted), R 2 is a 
lower alkylamino group which is optionally substi- 
tuted by an aryl group, a lower alkoxy group which 
is optionally substituted by an aryl group, a lower 



alkoxy group substituted by an aromatic heterocy- 
clic ring containing N atom(s), R 3 is an aryl group, 
a heterocyclic ring containing N atom(s), a lower 
alkyl group, a lower alkoxy group, a cyclo lower 
alkoxy group, a hydroxy group substituted by a het- 
erocyclic ring containing N atom(s), or an amino 
group (each of which is optionally substituted), and 
R 3 and a substituent in Y may be combined to form 
a lactone ring. 

The compound of the present invention has 
excellent selective PDE V inhibitory activity and 
therefore, is useful as a therapeutic or prophylactic 
drug for treating various diseases due to functional 
disorders on cGMP-signaling. 
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Description 



TECHNICAL FIELD 

5 [0001 ] The present invention relates to a novel cyclic compound exhibiting a cGMP specific phosphodiesterase (PDE) 
inhibitory activity (PDE V inhibitory activity) and being useful as a medicament, and a process for preparing the same. 

BACKGROUND ART 

10 [0002] In general, it is known that cGMP, which is an intracellular second messenger, is decomposed and inactivated 
by phosphodiesterase which is widely distributed in tissues of the living body, and when said PDE activity is inactivated, 
the level of cGMP in cells is increased, and as a result, various pharmacological activities, for example, relaxation of 
vascular smooth muscle, relaxation of bronchial smooth muscle, and inhibition of platelet aggregation are exhibited. 
[0003] Moreover, it has been reported that such cGMP specific PDE inhibitors (i.e., PDE V inhibitors) are useful in 

is the treatment of diseases caused by a functional disorder of cGMP-signaling, including hypertension, angina pectoris, 
myocardial infarction, chronic or acute heart failure, pulmonary hypertension, etc. (cf., PCT Patent Publication WO 
96/05176, etc.), and prostatic hyperplasia (Australian Patent Publication No. 9955977). It has also been reported that 
PDE V inhibitors may be useful in the treatment of female sexual dysfunction (Vemulapalli et al., Life Sciences, 67, 
23-29 (2000)), diabetic gastroparesis (Watkins et al., J. Clin. Invest. 106: 373-384 (2000)), achalasia (Bortolotti et al., 

20 Gastroenterology; 118: 253-257 (2000)), diarrhea (Mule et al., Br. J. Pharmacol., 127, 514-20 (1999)), constipation 
(Bakreetal., J. Cell. Biochem. 77: 1 59-1 67 (2000)) and asthma (Turner et al, , Br. J. Pharmacol. , 1 1 1 , 1 1 98-1 204 ( 1 994)). 
[0004] Furthermore, it has been also reported that 1-[4-ethoxy-3-(6,7-dihydro-1-methyl-7-oxo-3-propyl-1 H-pyrazolo 
[4,3-d]pyrimidin-5-yl)-phenylsulfonyi]-4-methylpiperazine [general name: Sildenafil] having PDE V inhibitory activity is 
useful in the treatment of diseases such as penile erectile dysfunction (copulative impotence), etc. (cf., Boolell et al., 

25 The Journal of Urology, Supplement, vol. 155, no. 5, p. 495A739(1996); Terrettetal., Bioorganic & Medicinal Chemistry 
Letters, vol. 6, no. 15, p. 1819 (1996); and Ballard etal., British Journal of Pharmacology, Proceeding Supplement, 
vol. 118, p. 153(1996)). 

[0005] However, sildenafil has been reported to have side effects such as headache, facial suffusion, gut disorder, 
rhinitis, color sense disorder, penile erectile continuance, etc. (Irwin et al., The New England Journal of Medicine, vol. 
30 338, no. 20, p. 1397-1404 (1998); Morales etal., International Journal of Impotence Research, vol. 10, no. 2, p. 69-73 
(1998); and Goldenberg, Clinical Therapeutics, vol. 20, no. 6, p. 1033-1048 (1998)). 

[0006] In addition, sildenafil has also been reported that the effects of sildenafil on light response of retina tissues 
and its PDE VI inhibitory activity correlate each other in the experiments on dogs (Morales et al., International Journal 
of Impotence Research, vol. 10, no. 2, p. 69-73 (1998)), while it has been reported that PDE VI on retina plays an 
35 importance role in the sensation of light (Morrales et al., International Journal of Impotence Research, vol. 10, no. 2, 
p. 69-73 (1998); Estrade et al., European Journal of Pharmacology, vol. 352, p. 157-163 (1998)). 

DISCLOSURE OF INVENTION 

40 [0007] An object of the present invention is to provide a novel cyclic compound showing an excellent phosphodi- 
esterase V (PDE V) inhibitory activity, and being useful as a remedy for the prophylaxis or treatment of penile erectile 
dysfunction with few side effects. Another object of the present invention is to provide a process for preparing such a 
cyclic compound. 

[0008] The present invention is to provide a cyclic compound of the formula (I) or a pharmacologically acceptable 
45 salt thereof, 



50 




wherein 



55 



X is =CH-or=N-, 

Y is-NH-, -NR 4 -, -S-, -0-, -CH=N-, or -N=CH-, -N=N-, -CH=CH-, 
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H 

-C=N C=C— or — N=C— , 

is J>6 l 7 ' 

R R R 



R 1 is a lower alkoxy group which is optionally substituted, an amino group which is optionally substituted, a hete- 
rocyclic ring containing N atom(s) which is optionally substituted, a hydroxy group which is optionally substituted 
by a heterocyclic ring containing N atom(s) which is optionally substituted, or cyno group, 
10 R 2 is a lower alkylamino group which is optionally substituted by an aryl group which is optionally substituted, a 

lower alkoxy group which is optionally substituted by an aryl group which is optionally substituted, a lower alkoxy 
group substituted by an aromatic heterocyclic ring containing N atom(s), a lower alkylamino group substituted by 
a heterocyclic ring which is optionally substituted, or an amino group substituted by an aryl group which is optionally 
substituted, 

is R 3 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is optionally 

substituted, a lower alkyl group which is optionally substituted, a lower alkoxy group which is optionally substituted, 
a cyclo lower alkoxy group which is optionally substituted, a hydroxy group substituted by a heterocyclic ring con- 
taining N atom(s) which is optionally substituted, or an amino group which is optionally substituted, and 
R 4 , R 5 , R 6 or R 7 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is 

20 optionally substituted, a lower alkoxy group which is optionally substituted, or an amino group which is optionally 

substituted, and R 4 , R 5 , R 6 or R 7 may combine with R 3 to form a lactone ring represented by the following formula, 



25 




wherein, when X is =N-, Y is -CH=N-, or -N=CH-, R 2 is an amino group mono-substituted by a methyl group 
substituted by an aryl which is optionally substituted, and R 3 is a lower alkyl which is optionally substituted, an amino 
group mono-substituted by a lower alkyl group substituted by a heterocyclic ring containing N atom(s) which is optionally 
substituted, an amino group mono-substituted by a heterocyclic ring containing N atom(s) which is optionally substituted 
or an amino group mono-substituted by a cyclo lower alkyl group which is optionally substituted, R 1 is a lower alkoxy 
group which is optionally substituted, an amino group which is optionally substituted, a hydroxy group which is optionally 
substituted by a heterocyclic ring containing N atom(s) which is optionally substituted, or cyano group. 

THE BEST MODE FOR CARRYING OUT THE INVENTION 

[0009] As a ring represented by the following formula in the compound (I), 

40 




45 

wherein X and Y are the same as defined above, is illustrated benzene ring or a 5-6 membered monocyclic hetero 
ring containing N atom(s), such as phenyl group, or a 5-6 membered aromatic monocyclic hetero ring (e.g. pyrrolyl, 
thienyl, furyl, imidazolyl, thiazolyl, oxazolyl, pyridyl, pyrimidinyl, pyridazinyl, 1,2,4-triazinyl). 

[001 0] As "a lower alkoxy group which is optionally substituted", represented by R 1 , is illustrated a lower alkoxy group 
so which is optionally substituted by one to three, same or different substituents selected from the group consisting of an 
cyclo lower alkyl group, hydroxy group, a lower alkylamino group which is optionally protected, a lower alkoxy group, 
a lower alkyl group substituted by hydroxy group, an aryl group, a lower alkoxyaryl group, a lower alkylaryl group 
substituted by hydroxy group, an aryl group substituted by halogen atom(s), furyl group, pyridyl group, a lower alkox- 
ypyridyl group, a lower alkylpyridyl group substituted by hydroxy group, a lower alkylpyridyl group, a pyrimidinyl group, 
55 a lower alkoxypyrimidinyl group, and a morphorinyl group. 

[001 1 J As "an amino group which is optionally substituted", represented by R 1 , is illustrated a lower alkylamino group 
which is optionally substituted by one to three, same or different substituents selected from the group consisting of a 
hydroxy group, a lower alkoxy group, a pyridyl group, a lower alkylamino group, cyano group, phenyl group, a phenyl 
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group which is optionally substituted by a lower alkoxy group and/or a halogen atom, an indanyl group and a lower 
alkyt group substituted by hydroxy group, or an indanylamino group. 

[0012] As a heterocyclic ring containing N atom(s) of "a heterocyclic ring containing N atom(s) which is optionally 
substituted", represented by R 1 , is illustrated a 5-14 membered mono- or bi-cyclic hetero ring containing N atom(s), 

5 more concretely a 5-6 membered monocyclic hetero ring containing N atom(s), or a 8-12 membered bicyclic hetero 
ring containing N atom(s), furthermore concretely, a 5-6 membered non-aromatic monocyclic hetero ring containing N 
atom(s), such as a pyrrolidinyl group, a piperazinyl group, a piperidyl group, or a 8-10 membered bicyclic hetero ring 
containing N atom(s) formed by fusing above mentioned mono- 5-6 membered non-aromatic hetero ring containing N 
atom(s) together with a mono- 5-6 membered aromatic ring containing N atom(s), such as 1H-2,3-dihydropyrrolo[3,4-b] 

10 pyridin-2-yl, 5,6,7, 8-tetrahydroimidazo[1 ,2-a]pyrazin-7-yl or 5,6,7 ,8-tetrahydro-1 ,7-naphthyridin-7-yl. These heterocy- 
clic rings containing N atom(s) are optionally substituted by one to four, same or different substituents selected from 
the group consisting of hydroxy group, an amino group which is optionally protected, a lower alkyl group, a lower alkoxy 
group, a lower alkoxycarbonyl group, a lower alkyl group substituted by hydroxy group, oxo group, a pyridyl group, a 
pyrimidinyl group, formyl group, mesyl, a lower alkanoyl group substituted by hydroxy group which is optionally pro- 

15 tected, a lower alkoxy-substituted lower alkyl group, a carbamoyl group, a benzylamino group in which the benzene 
ring is substituted by a lower alkoxy group, and a benzylamino group in which the benzene ring is substituted by a 
halogen atom. 

[0013] As "a hydroxy group which is optionally substituted by a heterocyclic ring which is optionally substituted", 
represented by R 1 , is illustrated a hydroxy group which is optionally substituted by a hetero cyclic ring containing N 

20 atom(s) selected from the group consisting of a piperidyl group, a lower alkyl piperidyl group and a pyridyl group. 

[0014] As an aryl group of "an aryl which is optionally substituted", represented by R 2 , is illustrated a 5-1 0 membered 
mono- or bicyclic aromatic hydrocarbon ring, more concretely phenyl group or naphthyl group. As a substituent of "an 
aryl group which is optionally substituted", in case of "a lower alkylamino group which is optionally substituted by an 
aryl group which is optionally substituted", is one to four, same or different, groups selected from a lower alkoxy group, 

25 a halogen atom, an amino group which is optionally protected, hydroxy group, a lower alkoxypyridyl group, a lower 
alkylamino group which is optionally protected, nitro group, a lower alkyl group substituted by a halogen atom, a lower 
alkylenedioxy group, cyano group, a lower alkyl group substituted by a hydroxy group which is optionally protected, a 
lower alkylsulfonyl group and a lower alkylsulfmyl group. In case of "a lower alkoxy group which is optionally substituted 
by an aryl group which is optionally substituted", said aryl group is optionally substituted by one to four, same or different, 

30 substituents selected from the group consisting of a lower alkoxy group, a halogen atom and cyano group. 

[001 5] As "a lower alkoxy group substituted by an aromatic heterocyclic ring containing N atom(s)", represented by 
R 2 , is illustrated a lower alkoxy group substituted by one to three, same or different, aromatic heterocyclic rings con- 
taining N atom(s) selected from the group consisting of a pyridyl group, a pyrimidinyl group and a pyrazinyl group. 
[001 6] As "a lower alkylamino group substituted by a heterocyclic ring which is optionally substituted", represented 

35 by R 2 , is illustrated a lower alkylamino group substituted by one to four, same or different, heterocyclic rings which are 
optionally substituted selected from the group consisting of an indotyl group, a pyrimidinyl group, a benzofuranyl group, 
a dihydrobenzofuranyl group, a lower alkylpyrimidinyl group, a di hydro benzoxazolyl group and a dihydrobenzoimida- 
zolyl group. 

[0017] As "an aryl group which is optionally substituted", represented by R 3 , is illustrated an aryl group which is 
40 optionally substituted by one to four, same or different, substituents selected from a lower alkoxy group and a lower 
alkylamino group, or an aryl group which is optionally substituted by one or two lower alkylenedioxy groups. As "an 
aryl group", is illustrated a 5-10 membered mono- or bicyclic aromatic hydrocarbon, such as phenyl group or naphthyl 
group. 

[0018] As a heterocyclic ring containing N atom(s) of "a heterocyclic ring containing N atom(s) which is optionally 
45 substituted", represented by R 3 , is illustrated a 5-6 membered monocyclic herero ring containing N atom(s), such as 
a 5-6 membered non-aromatic monocyclic hetero ring containing N atom(s), e.g. a piperidyl group, a piperazinyl group, 
or a morpholinyl group, or such as a 5-6 membered aromatic monocyclic hetero ring containing N atom(s), e.g. a 
pyrimidinyl group, a pyridazinyl group, a pyridyl group or an imidazolyl group. Said heterocyclic ring containing N atom 
(s) is optionally substituted by one to four, same or different, substituents selected from the group consisting of a lower 
50 alkyl group, hydroxy group, an amino group, chlorosulfinyloxy group and piperidinyloxysulfinyloxy group. 

[0019] As "a lower alkyl group which is optionally substituted", represented by R 3 , is illustrated a lower alkyl group 
which is optionally substituted by one to three, same or different, substituents selected from the group consisting of a 
morpholinyl group, a pyridyl group, a lower alkylsulfonyl group and a di-lower alkoxyphosphoryl group. 
[0020] As "a lower alkoxy group which is optionally substituted", represented by R 3 , is illustrated a lower alkoxy group 
55 which is optionally substituted by one to three, same or different, substituents selected from the group consisting of a 
pyridyl group, a lower alkoxypyridyl group, a pyrimidinyl group, a lower alkylamino group, a pyrazinyl group, a lower 
alkoxy group which is optionally substituted by a phenyl group, a pyrimidinyl-substituted oxy group, a pyridyl-substituted 
oxy group, a pyrimidinyl-substituted lower alkoxy group, a morpholinyl group, a lower alkylmorpholinyl group, a N-lower 
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alkyl-N-pyrimidinylamino group, a di-lower alkytdioxolanyl group, a lower alkoxy lower alkoxy group, a pyridylcarbo- 
nyl amino group, hydroxy group, a piperidyl group and a lower alkylpiperidyl group. 

[0021] As "a cyclo lower alkoxy group which Is optionally substituted", represented by R 3 , is illustrated a cyclo lower 
alkoxy group which is optionally substituted by hydroxy group. 
5 [0022] As "a hydroxy group substituted by a heterocyclic ring containing N atom(s) which is optionally substituted", 
represented by R 3 , is illustrated a hydroxy group substituted by a heterocyclic ring containing N atom(s) which is 
optionally substituted by one to four, same or different, substituents selected from a pyrimidinyl group and cyano- 
substituted lower alkyi group. 

[0023] As "an amino group which is optionally substituted", represented by R 3 , is illustrated an amino group which 

10 is optionally substituted by one or two, same or different, substituents selected from the group consisting of (i) a lower 
alkoxy group which is optionally substituted by a lower alkoxy group, (ii) a lower alkyl group which is optionally substi- 
tuted by one to three, same or different, substituents selected from the group consisting of cyano group, hydroxy group, 
a lower alkoxy group, a phenyl group which is optionally substituted by a lower alkoxy group and/or a halogen atom, 
carbamoyl group, a lower alkylamino group, a pyridyl group, a lower alkylpyridyl group, a lower alkoxypyridyl group, a 

*5 pyrimidinyl group, a lower alkoxypyrimidinyl group, a morpholinyl group, a lower alkylmorpholinyl group, a hydroxy- 
substituted lower alkylmorpholinyl group, a cya no-substituted lower alkyl morpholonyl group, a hydroxy-substituted pip- 
eridyl group, an oxo-substituted piperazinyl group, a lower alkylpiperazinyl group, a lower alkylsulfonylpiperazinyl 
group, a pyrrolidinyl group, a lower alkyl pyrrolidinyl group, a lower alkylpirazinyl group, a tetrahydrofuranyl group, a 
lower alkoxyphenoxy group, a lower alkoxypyridylamino group and a pyrimidinyl amino group, (iii) phenyl group which 

20 is optionally substituted by hydroxy group or a lower alkoxy group, (iv) a pyridyl group which is optionally substituted 
by a lower alkyl group, (v) a pyrimidinyl group, (vi) a pyrazolyl group which is optionally substituted by a lower alkyl 
group, (vii) an isoxazolyl group which is optionally substituted by a lower alkyl group, (viii) a benz[b]morpholinyl group 
which is optionally substituted by oxo group, (ix) a morpholinyl group, (x) a piperidyl group which is optionally substituted 
by one to four, same or different, substituents selected from the group consisting of a lower alkoxycarbonyl group, a 

25 lower alkyl sulfonyl, a lower alkyl group, a cyano-substituted lower alkyl group, a hydroxy-substituted lower alkanoyl 
group, formyl group, a lower alkoxy-substituted lower alkanoyl group and a lower alkylamino-substituted lower alkanoyl 
group, (xi) a cyclo lower alkyl group which is optionally substituted by one to three, same or different, substituents 
selected from hydroxy group which is optionally protected, a lower alkoxy group and a pyrimidinyl-substituted oxy 
group, and (xii) a pyrimidinyl amino group which is optionally substituted by a lower alkyl group and a lower alkoxycar- 

30 bonyl group. 

[0024] Further, as a protective group of an amino group, a lower alkylamino group and hydroxyl group, is illustrated 
formyl group, a lower alkanoyl group, etc. 

[0025] I n substituents represented by R 4 , R 5 , R 6 or R 7 , as "an aryl group which is optionally substituted", is illustrated 
a phenyl group which is optionally substituted by a lower alkoxy group, 
35 as "a hererocyclic ring containing N atom(s) which is optionally substituted", is illustrated a heterocyclic ring containing 
N atom(s) which is optionally substituted by hydroxy group, a lower alkyl group or a hydroxy-substituted lower alkyl 
group, 

as "a heterocyclic ring containing N atom(s)", is illustrated a 5-14 membered monocyclic or bicyclic hetero ring, more 
concretely, a 5-6 membered monocyclic hetero ring containing N atom(s) or a 8-12 membered bicyclic hetero ring 

40 containing N atom(s), further more concretely, a 5-6 membered non-aromatic monocyclic hetero ring containing N atom 
(s), such as a pyrrolidinyl group, piperazinyl group, a piperidyl group, or a 8-1 0 membered bicyclic hetero ring containing 
N atom(s), which is a 5-6 membered aromatic monocyclic hetero ring containing N atom(s) fused to the above 5-6 
membered non aromatic monocyclic hetero ring containing N atom(s), such as 1H-2,3-dihydropyrrolo[3,4-b]pyridin- 
2-yl, 5,6,7,8-tetrahydroimidazo[1 ,2-a]pyrazin-7-yl, 5,6,7,8-tetrahydro-1,7-naphthylidin-7-yl, etc., 

45 as "a lower alkoxy which is optionally substituted", is illustrated a lower alkoxy group, and 

as "an amino group which is optionally substituted", is illustrated an amino group which is optionally substituted by a 
lower alkyl group substituted by a heterocyclic ring containing N atom(s), a hydroxy-substituted cyclo lower alkyl group 
or a lower alkyl group. R 4 , R 5 , R 6 or R 7 can combine with R 3 to form a lactone ring represented by the following formula, 

50 




55 

[0026] In the above compounds of the present invention, in case of the number of the substituent being not specified, 
the substituent includes plural substituents (for example, the expression "lower alkylamino group" means mono and 
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di lower alkylamino groups.). 

[0027] In the present specification, a lower alkyl group means a C r C 6 straight or branched alkyl group, such as 
methyl, ethyl, propyl, isopropyl, butyl, iso-butyl, tert-butyl, etc. A lower alkoxy group means a C r C 6 straight or branched 
alkoxy group, such as methoxy, ethoxy, propoxy, isopropyloxy, butyloxy, iso-butyl oxy, tert-butyloxy, etc. A lower al- 
kanoyloxy group means a C 2 -C 7 straight or branched alkanoyl group, such as actetyl, propionyl, butyryl, etc. A cycloalkyl 
group means a C 3 -C a cycloalkyl group, such as cyclopropyl, cyclobutyl, cyclopentyl, cydohexyl, cycloheptyl, etc. A 
lower alkylene means a C r C 6 straight or branched alkylene group, such as methylene, ethylene, trimethylene, etc. 
An aryl group means a C 6 -C 14 mono-, bi- or tri-cyclic aryl group (including a partially suturated ring), such as phenyl, 
naphthyl, indolyl, indanyl, etc. A hetero cyclic ring containing N atom(s) means a 5-14 membered mono- or bi-cyclic 
hetero ring containing N atom(s). 

[0028] Preferrable compounds (I) of the present invention are compounds (I) wherein 
X is =N-, 

Y is-NH-, -NR 4 -, -S-, -0-, -CH=N-, -N=CH-, -N= N- , -CH=CH- , 



— C=N— — C=C— — N=C— 

R R R 

R 1 is a lower alkoxy group which is optionally substituted, an amino group which is optionally substituted, a hete- 
rocyclic ring containing N atom(s) which is optionally substituted, a hydroxy group which is optionally substituted 
by a heterocyclic ring containing N atom(s) which is optionally substituted, or cyano group, 
R 2 is a lower alkylamino group which is optionally substituted by an aryl group which is optionally substituted, a 
lower alkoxy group which is optionally substituted by an aryl group which is optionally substituted, a lower alkoxy 
group substituted by an aromatic heterocyclic ring containing N atom(s) which is optionally substituted, a lower 
alkylamino group substituted by a heterocyclic ring which is optionally substituted, or an amino group substituted 
by an aryl group which is optionally substituted, 

R 3 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is optionally 
substituted, a lower alkyl group which is optionally substituted, a lower alkoxy group which is optionally substituted, 
a cyclo lower alkoxy group which is optionally substituted, a hydroxy group substituted by a heterocyclic ring con- 
taining N atom(s) which is optionally substituted, or an amino group which is optionally substituted, and 
R 4 , R 5 , R 6 or R 7 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is 
optionally substituted, a lower alkoxy group which is optionally substituted or an amino group which is optionally 
substituted, and R 4 R 5 , R 6 or R 7 optionally combines with R 3 to form a lactone ring represented by the following 
formula, 



/ I A 

wherein, when X is =N-, Y is -CH=N-, or -N=CH-, R 2 is an amino group mono-substituted by a methyl group 
substituted by an aryl which is optionally substituted, and R 3 is a lower alkyl which is optionally substituted, an amino 
group mono-substituted by a lower alkyl group substituted by a heterocyclic ring containing N atom(s) which is optionally 
be substituted, or an amino group mono-substituted by a cyclo lower alkyl group which is optionally substituted, R 1 is 
a lower alkoxy which is optionally substituted, an amino group which is optionally substituted, a hydroxy group which 
is optionally substituted by a heterocyclic ring containing N atom(s) which is optionally substituted, or cyano group. 
[0029] Other preferable compounds (I) of the present invention are compounds (I) wherein 

X is =CH- or =N-, 

Y is-NH-, -NR 4 -, -S-, or -O-, 

R 1 is a lower alkoxy group which is optionally substituted, an amino group which is optionally substituted, a hete- 
rocyclic ring containing N atom(s) which is optionally substituted, a hydroxy group which is optionally substituted 
by a heterocyclic ring containing N atom(s) which is optionally substituted, or cyano group, 
R 2 is a lower alkylamino group which is optionally substituted by an aryl group which is optionally substituted, a 
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lower alkoxy group which is optionally substituted by an aryl group which is optionally substituted, a lower alkoxy 
group substituted by an aromatic heterocyclic ring containing N atom(s) which is optionally substituted, a lower 
alkytamino group substituted by a heterocyclic ring which is optionally substituted, or an amino group substituted 
by an aryl group which may substituted, 

5 R3 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is optionally 

substituted, a lower alkyl group which is optionally substituted, a lower alkoxy group which is optionally substituted, 
a cyclo lower alkoxy group which is optionally substituted, a hydroxy group substituted by a heterocyclic ring con- 
taining N atom(s) which is optionally substituted, an amino group which is optionally substituted, or 
R 4 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is optionally 

10 substituted, a lower alkoxy group which is optionally substituted, or an amino group which is optionally substituted, 

and R 4 optionally combines with R 3 to form a lactone ring represented by following formula, 



15 



h 3 c 



20 [0030] Preferable compounds (I) of the present invention are compounds (I) wherein 
X is =N-, 

Y is-N=N-, -CH=CH-, 

H 

_C= N _ -C=C- or— N=C- , 
R 5 R 6 R 7 

30 r1 is a lower alkoxy group which is optionally substituted, an amino group which is optionally substituted, a hete- 

rocyclic ring containing N atom(s) which is optionally substituted, a hydroxy group which is optionally substituted 
by a heterocyclic ring containing N atom(s) which is optionally substituted, or cyano group, 
R 2 is a lower alkylamino group which is optionally substituted by an aryl group which is optionally substituted, a 
lower alkoxy group which is optionally substituted by an aryl group which is optionally substituted, a lower alkoxy 

35 group substituted by an aromatic heterocyclic ring containing N atom(s) which is optionally substituted, a lower 

alkylamino group substituted by a heterocyclic ring which is optionally substituted, or an amino group substituted 
by an aryl group which is optionally substituted, 

R 3 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is optionally 
substituted, a lower alkyl group which is optionally substituted, a lower alkoxy group which is optionally substituted, 

40 a cyclo lower alkoxy group which is optionally substituted, a hydroxy group substituted by a heterocyclic ring con- 

taining N atom(s) which is optionally substituted, an amino group which is optionally substituted, or 
R 5 , R 6 or R 7 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is 
optionally substituted, a lower alkoxy group which is optionally substituted, or an amino group which is optionally 
substituted, and R 5 , R 6 or R 7 optionally combines with R 3 to form a lactone ring represented by the following 

45 formula, 



[0031] Preferable compounds (I) of the present invention are compounds (I) wherein 

55 x is =N-, 

Yis-CH=N- or-N=CH-, 

R 1 is a lower alkoxy group which is optionally substituted, an amino group which is optionally substituted, a hete- 
rocyclic ring containing N atom(s) which is optionally substituted, a hydroxy group which is optionally substituted 
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30 



35 



40 



45 



50 



by a heterocyclic ring containing N atom(s) which is optionally substituted, or cyano group, 
R 2 is a lower alkylamino group which is optionally substituted by an aryl group which is optionally substituted, a 
lower alkoxy group which is optionally substituted by an aryl group which is optionally substituted, a lower alkoxy 
group substituted by an aromatic heterocyclic ring containing N atom(s) which is optionally substituted, a lower 
alkylamino group substituted by a heterocyclic ring which is optionally substituted, or an amino group substituted 
by an aryl group which is optionally substituted, 

R 3 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is optionally 
substituted, a lower alkyl group which is optionally substituted, a lower alkoxy group which is optionally substituted, 
a cyclo lower alkoxy group which is optionally substituted, a hydroxy group substituted by a heterocyclic ring con- 
taining N atom(s) which is optionally substituted, an amino group which is optionally substituted, provided that 
when R 2 is an amino group mono-substituted by methyl group substituted by an aryl group which is optionally 
substituted, 

R 3 is a lower alkyl group which is optionally substituted, an amino group mono-substituted by a lower alkyl group 
substituted by a heterocyclic ring containing N atom(s) which is optionally substituted, an amino group mono- 
substituted by a heterocyclic ring containing N atom(s) which is optionally substituted, or an amino group mono- 
substituted by a cycloalkyl group which is optionally substituted, R 1 is a lower alkoxy group which is optionally 
substituted, an amino group which is optionally substituted, a hydroxy group which is optionally substituted by a 
heterocyclic ring containing N atom(s) which is optionally substituted, or cyano group. 

[0032] Preferable compounds (I) of the present invention are compounds (I) wherein 

X is =CH-, 

Y is -CH=N- -N=CH-,-N=N-, 



R 1 is a lower alkoxy group which is optionally substituted, an amino group which is optionally substituted, a hete- 
rocyclic ring containing N atom(s) which is optionally substituted, a hydroxy group which is optionally substituted 
by a heterocyclic ring containing N atom(s) which is optionally substituted, or cyano group, 
R 2 is a lower alkylamino group which is optionally substituted by an aryl group which is optionally substituted, a 
lower alkoxy group which is optionally substituted by an aryl group which is optionally substituted, a lower alkoxy 
group substituted by an aromatic heterocyclic ring containing N atom(s) which is optionally substituted, a lower 
alkylamino group substituted by a heterocyclic ring which is optionally substituted, or an amino group substituted 
by an aryl group which may substituted, 

R 3 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is optionally 
substituted, a lower alkyl group which is optionally substituted, a lower alkoxy group which is optionally substituted, 
a cyclo lower alkoxy group which is optionally substituted, a hydroxyl group substituted by a heterocyclic ring 
containing N atom(s) which is optionally substituted, an amino group which is optionally substituted, or 
R 5 , R 6 or R 7 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is 
optionally substituted, a lower alkoxy group which is optionally substituted, or an amino group which is optionally 
substituted, and R 5 , R 6 or R 7 may combine with R 3 to form a lactone ring represented by following formula, 






/ 



or 




[0033] Preferable compounds (I) of the present invention are compounds (I) wherein 
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X is =CH-, 
Y is -CH=CH-, 

R 1 is a lower alkoxy group which is optionally substituted, an amino group which is optionally substituted, a hete- 
rocyclic ring containing N atorn(s) which is optionally substituted, a hydroxy group which is optionally substituted 

5 by a heterocyclic ring containing N atom(s) which is optionally substituted, or cyano group, 

R 2 is a lower alkylamino group which is optionally substituted by an aryl group which is optionally substituted, a 
lower alkoxy group which is optionally substituted by an aryl group which is optionally substituted, a lower alkoxy 
group substituted by an aromatic heterocyclic ring containing N atom(s) which is optionally substituted, a lower 
alkylamino group substituted by a heterocyclic ring which is optionally substituted, or an amino group substituted 

10 by an aryl group which is optionally substituted, 

R 3 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is optionally 
substituted, a lower alkyl group which is optionally substituted, a lower alkoxy group which is optionally substituted, 
a cyclo lower alkoxy group which is optionally substituted, a hydroxy group substituted by a heterocyclic ring con- 
taining N atom(s) which is optionally substituted, an amino group which is optionally substituted. 

15 

[0034] Preferable compounds (I) of the present invention are compounds (I) wherein 
R 1 is 

20 ( 1 ) a lower alkoxy group which is optionally substituted by one to three, same or different, substituents selected 

from the group consisting of a cyclo lower alkyl group, hydroxy group, a lower alkylamino group which is 
optionally protected, a lower alkoxy group, a hydroxy-substituted lower alkyl group, phenyl group, a lower 
alkoxyphenyl group, a hydroxy-substituted lower alkylphenyl group, a furyl group, a pyridyl group, a lower 
alkoxypyridyl group, a hydroxy-substituted lower alkylpyridyl group, a lower alkylpyridyl group, a pyrimidinyl 

25 group, a lower alkoxypyrimidinyl group, and a morpholinyl group, 

(2) a lower, alkylamino group which is optionally substituted by one to three, same or different, substituents 
selected from the group consisting of hydroxy group, a lower alkoxy group, a lower alkyl group, a pyridyl group, 
a lower alkylamino group, cyano group, a phenyl group which is optionally substituted by a lower alkoxy group 
and/or a halogen atom, and a hydroxy-substituted lower alkyl group, 

30 (3) an indanylamino group, 

(4) a heterocyclic ring containing N atom(s) which is optionally substituted by one to four, same or different, 
substituents selected from the group consisting of hydroxyl group, a lower alkyl group, a lower alkoxy group, 
a hydroxy-substituted lower alkyl group, oxo group, a pyridyl group which is optionally substituted by a hydroxy- 
substituted lower alkyl group, a pyrimidinyl group which is optionally substituted by a lower alkylamino group, 

35 formyl group, mesyl group, a lower alkanoyl group substituted by a hydroxy group which is optionally protected, 

and carbamoyl group, 

(5) a hydroxy group which is optionally substituted by a pyridyl group, or 

(6) cyano group, 

40 R2 is 

(1) a lower alkylamino group substituted by an aryl group which is optionally substituted by one to four, same 
or different, substituents selected from the group consisting of a lower alkoxy group, a halogen atom, an amino 
group, a lower alkanoylamino group, a formylamino group, hydroxy group, a lower alkoxypyridyl group, a lower 

45 alkylamino group, nitro group, a halogeno-substituted lower alkyl group, a lower alkylenedioxy group, cyano 

group, a lower alkyl group substituted by a hydroxy group which is optionally protected, a lower alkylsulfonyl 
group, and a lower alkylsurfinyl group, 

(2) a lower alkoxy group substituted by one to four, same or different, substituents selected from the group 
consisting of a lower alkoxy group and a halogen atom, 

so (3) a lower alkoxy group substituted by a pyridyl group, 

(4) a lower alkylamino group substituted by an indolyl group, a pyrimidinyl group, a benzofuranyl group, a 
dihydrobenzofuranyl group, a lower alkyl pyrimidinyl group, a dihydrobenzoxazolyl or a dihydrobenzimidazolyl 
group, or 

(5) an indanylamino group, 

55 

R 3 is 

(1) an aryl group which is optionally substituted by one to four, same or different, substituents selected from 
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the group consisting of a lower alkoxy group and an lower aikylamino group, or an aryl group which is optionally 
substituted by one or two lower alkylenedioxy groups, 

(2) a heterocyclic ring containing N atom(s) which is optionally substituted by one to four, same or different, 
substituents selected from the group consisting of a lower alkyl group, hydroxy group, an amino group, chlo- 

5 rosulfinyloxy group and a piperidinyloxysulfinyloxy group, 

(3) a lower alkyl group which is optionally substituted by one to three, same or different, substituents selected 
from the group consisting of a morpholinyl group and a di-lower alkoxyphosphoryl group, 

(4) a lower alkoxy group which is optionally substituted by one to three, same or different, substituents selected 
from the group consisting of a pyridyl group, a lower alkoxypyridyl group, a pyrimidinyl group, a lower aikylamino 

10 group, a pyrazinyl group, a lower alkoxy group which is optionally substituted by phenyl group, a pyrimidinyl- 

substituted oxy group, a pyridyl-substituted oxy group, a pyrimidinyl-substituted lower alkoxy group, a mor- 
pholinyl group, a lower alkylmorpholinyl group, a N-lower alkyl-N-pyrimidinylamino group, a lower alkyldiox- 
olanyl group, a lower alkoxy-substituted lower alkoxy group, a pyridylcarbonylamino group, hydroxy group, 
and a lower alkylpiperidyl group, 

is (5) a cyclo lower alkoxy group which is optionally substituted by hydroxy group, 

(6) a piperidyl-substituted hydroxy group which is optionally substituted by one to four, same or different, sub- 
stituents selected from the group consisting of a pyrimidinyl group, a lower alkyl group and a cyano-substituted 
lower alkyl group, or 

(7) an amino group which is optionally substituted by one or two, same or different, substituents selected from 
20 the group consisting of 

(i) a lower alkoxy group which is optionally substituted by a lower alkoxy group, 

(ii) a lower alkyl group which is optionally substituted by one to three, same or different, substituents 
selected from the group consisting of cyano group, hydroxy group, a lower alkoxy group, a phenyl group 

25 which is optionally substituted by a lower alkoxy group and/or a halogen atom, carbamoyl group, a lower 

aikylamino group, a pyridyl group, a lower alkyl pyridyl group, a lower alkoxy pyridyl group, a pyrimidinyl 
group, a lower alkoxy pyrimidinyl group, a morpholinyl group, a lower alkyl morpholinyl group, a hydroxy- 
substituted lower alkyl morpholinyl group, a cyano-substituted lower alkylmorpholinyl group, a hydroxy- 
substituted piperidyl group, an oxo-substituted piperazinyl group, a lower alkyl piperazinyl group, a lower 

30 alkylsulfonylpiperazinyl group, a pyrrolidinyl group, a lower alkylpyrrolidinyl group, a lower alkyl pyrazinyl 

group, a tetrahydrofuranyl group, a lower alkoxypyridylamino group, and a pyrimidinylamino group, 

(iii) a phenyl group which is optionally substituted by hydroxy group or a lower alkoxy group, 

(iv) a pyridyl group which is optionally substituted by a lower alkyl group, 

(v) a pyrazolyl group which is optionally substituted by a lower alkyl group, 
35 (vi) an isoxazolyl group which is optionally substituted by a lower alkyl group, 

(vii) a morpholinyl group, 

(viii) a piperidyl group which is optionally substituted by one to four, same or different, substituents selected 
from the group consisting of a lower alkoxycarbonyl group, a lower alkyl sulfonyl group, a lower alkyl group, 
a cyano-substituted lower alkyl group, a hydroxy-substituted lower alkanoyl group, formyl group, a lower 

40 alkoxy-substituted lower alkanoyl group, and a lower alkylamino-substituted lower alkanoyl group, 

(ix) a cyclo lower alkyl group which is optionally substituted by one to three, same or different, substituents 
selected from the group consisting of a hydroxy group which is optionally protected, a lower alkoxy group, 
and a pyrimidinyl-substituted oxy group, and 

(x) a pyrimidinylamino group which is optionally substituted by a lower alkyl group or a lower alkoxycarbonyl 
45 group, 

R 4 , R 5 , R 6 or R 7 is 

(1) a phenyl group which is optionally substituted by a lower alkoxy group, 
so (2) a heterocyclic ring containing N atom(s) which is optionally substituted by hydroxy group, a lower alkyl 

group or a hydroxy-substituted lower alkyl group, 

(3) a lower alkoxy group, or 

(4) an amino group which is optionally substituted by a lower alkyl group substituted by a heterocyclic ring 
containing N atom(s), a hydroxy-substituted cyclo lower alkyl group, or a lower alkyl group, or 

55 R4,R5 t R6 or R7 

(5) optionally combines with R 3 to form a lactone ring as shown in following formula; 
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or 




[0035] Preferable compounds (I) of the present invention are compounds (I) wherein 

X is =N-, 
10 Y is -S-, 

R 1 is a pyrrolidinyt group which is optionally substituted by a hydroxy-substituted lower alky], 
R 2 is a lower alkylamino group which is optionally substituted by a phenyl group which is optionally substituted by 
one or two, same or different, substituents selected from a lower alkoxy group and a halogen atom, and 
R 3 is an amino group which is optionally substituted by a lower alkoxy group or a pyrimidinyt-substituted lower 
15 alkyl group. 

[0036] Preferable compounds (I) of the present invention are compounds (I) wherein 

X is =N-, 
20 Y is -N=N-, -CR=CH-, 



H 

— C=N C=C— or— N=C— 

A 5 R 6 A' 



R 1 is (1) a lower alkoxy group which is optionally substituted by a lower alkylamino group or a pyridyl group, (2) 
an amino group which is optionally substituted by hydroxy group or a lower alkoxy group, (3) a heterocyclic ring 
30 containing N atom(s) which is optionally substituted by hydroxy group, a lower alkoxy group, a lower alkyl group, 

a hydroxy-substituted lower alkyl group, oxo group, a pyridyl group which is optionally substituted by a hydroxy- 
substituted lower alkyl group, or a pyrimidinyl group which is optionally substituted by a lower alkylamino group, 
or (4) a hydroxy group which is optionally substituted by a pyridyl group, 

R 2 is a lower alkylamino group which is optionally substituted by a phenyl group which is optionally substituted by 
35 a lower alkoxy group and/or a halogen atom, 

R 3 is (1) a lower alkoxy group which is optionally substituted by a phenyl-substituted lower alkoxy group, or (2) an 
amino group which is optionally substituted by (i) a lower alkyl group which is optionally substituted by the same 
or different subsituents selected from a group of consisting of a lower alkoxy group, a pyridyl group, a lower alkylpy- 
ridyl group, a pyrimidinyl group, a lower alkoxypyrimidinyl group, a morpholinyl group, and a lower alkylpyrazinyl 
group, (ii) a pyridyl group which is optionally substituted by a lower alkyl group, or (iii) a cyclo lower alkyl group 
which is optionally substituted by hydroxy group, 
R 5 , R 6 or R 7 is 

(1) a phenyl group which is optionally substituted by a lower alkoxy group, 
^5 (2) a heterocyclic ring containing N atom(s) which is optionally substituted by a hydroxy group, a lower alkyl 

group or a hydroxy-substituted lower alkyl group, 

(3) a lower alkoxy group, 

(4) an amino group which is optionally substituted by a lower alkyl group substituted by a heterocyclic ring 
containing N atom(s), a hydroxy-substituted cyclo lower alkyl group, or a lower alkyl group, or 

50 (5) optionally combines with R 3 to form a lactone ring as shown in following formula, 

/ I 



55 
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[0037] Preferable compounds (I) of the present invention are compounds (I) wherein 
X is =N-, 

Yis -CH=N- or -N=CH-, 
5 R1 is 

( 1 ) a lower alkoxy group which is optionally substituted by one to three, same or different, substituents selected 
from the group consisting of a cyclo lower alkyl group, hydroxy group, a lower alkylamino group which is 
optionally protected, a lower alkylamino group, a lower alkoxy group, a hydroxy-substituted lower alkyl group, 

10 phenyl group, a lower alkoxyphenyl group, a hydroxy-substituted lower alkylphenyl group, a furyl group, a 

pyridyt group, a lower alkoxypyridyl group, a hydroxy-substituted lower alkylpyridyl group, a lower alkylpyridyl 
group, a pyrimidinyl group, a lower alkoxypyrtmidinyl group, and a morpholinyl group, 

(2) a lower alkylamino group which is optionally substituted by one to three, same or different, substituents 
selected from the group consisting of hydroxy group, a lower alkoxy group, a lower alkyl group, a pyridyl group, 

15 a lower alkylamino group, cyano group, a phenyl group which is optionally substituted by a lower alkoxy group 

and/or a halogen atom, and a hydroxy-substituted lower alkyl group, 

(3) an indanylamino group, 

(4) a heterocyclic ring containing N atom(s) which is optionally substituted by one to four, same or different, 
substituents selected from the group consisting of hydroxy group, a lower alkyl group, a lower alkoxy group, 

20 a hydroxy-substituted lower alkyl group, oxo group, a pyridyl group which is optionally substituted by a hydroxy- 

substituted lower alkyl group, a pyrimidinyl group which is optionally substituted by a lower alkylamino group, 
formyl group, mesyl group, a lower alkanoyl group substituted by a hydroxy group which is optionally protected, 
and carbamoyl group, 

(5) cyano group, or 

25 (6) a hydroxyl group which is optionally substituted by a pyridyl group, 

R2 is 

(1) a lower alkylamino group substituted by an aryl group which is optionally substituted by one to four, same 
30 or different, substituents selected from the group consisting of a lower alkoxy group, a halogen atom, an amino 

group, a lower alkanoylamino group, a formylamino group, hydroxy group, a lower alkoxy pyridyl group, a 
lower alkylamino group, nitro group, a halogen-substituted lower alkyl group, a lower alkylenedioxy group, 
cyano group, a lower alkyl group substituted by a hydroxyl group which is optionally protected, a lower alkyl- 
sulfonyl group, and a lower alkylsulfinyl group, 
35 (2) a lower alkylamino group substituted by an indolyl group, a pyrimidinyl group, a benzofuranyl group, a 

dihydrobenzofuranyl group, a lower alkylpyrimidinyl group, a dihydrobenzoxazolyl group or a dihydrobenzim- 
idazolyl group, or 

(3) an indanylamino group, 

(4) a lower alkoxy group substituted by an aryl group which is optionally substituted by one to four, same or 
40 different, substituents selected from a lower alkoxy group and a halogen atom, or 

(5) a lower alkoxy group substituted by a pyridyl group, 

R3 is 

45 (1) an aryl group which is optionally substituted by one to four, same or different, substituents selected from 

the group consisting of a lower alkoxy group and a lower alkylamino group, or an aryl group which is optionally 
substituted by one or two lower alkylenedioxy group, 

(2) a heterocyclic ring containing N atom(s) which is optionally substituted by one to four, same or different, 
substituents selected from the group consisting of a lower alkyl group, hydroxy group, an amino group, chlo- 

50 rosulfinyloxy group and a piperidyloxysulfinyloxy group, 

(3) a lower alkyl group which is optionally substituted by one to three, same or different, substituents selected 
from the group consisting of a morpholinyl group and a di-lower alkoxyphosphoryl group, 

(4) a lower alkoxy group which is optionally substituted by one to three, same or different, substituents selected 
from the group consisting of a pyridyl group, a lower alkoxypyridyl group, a pyrimidinyl group, a lower alkylamino 

55 group, a pyrazinyl group, a lower alkoxy group which is optionally substituted by phenyl group, a pyrimidinyl- 

substituted oxy group, a pyridyl -substituted oxy group, a pyrimidinyl-substituted lower alkoxy group, a mor- 
pholinyl group, a lower alkylmorpholinyl group, a N-lower alkyl-N-pyrimidinylamino group, a lower alkyl diox- 
olanyl group, a lower alkoxy- substituted lower alkoxy group, a pyridylcarbonylamino group, hydroxy group, 
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and a lower alkylpiperidyl group, 

(5) a cyclo lower alkoxy group which is optionally substituted by hydroxy! group, 

(6) a piperidyl-substituted hydroxy group which is optionally substituted by one to four, same or different, sub- 
stituents selected from the group consisting of a pyrimidinyl group, a lower alkyt group and a cyano-substituted 

5 lower alkyt group, or 

(7) an amino group which is optionally substituted by one or two, same or different, substituents selected from 
the group consisting of 

(i) a lower alkoxy group which is optionally substituted by a lower alkoxy group, 
10 (ij) a lower alkyl group which is optionally substituted by one to three, same or different, substituents 

selected from the group consisting of cyano group, hydroxy group, a lower alkoxy group, a phenyl group 
which is optionally substituted by a lower alkoxy group and/or a halogen atom, carbamoyl group, a lower 
alkylamino group, a pyridyl group, a lower alkylpyridyl group, a lower alkoxypyridyl group, pyrimidinyl 
group, a lower alkoxypyrimidinyl group, a morpholinyl group, a lower alkyl morpholinyl group, a hydroxy- 
's substituted lower alkyl morpholinyl group, a cyano-substituted lower alkyl morpholinyl group, a hydroxy- 
substituted piperidyl group, an oxo-substituted piperazinyl group, a lower alkyl piperazinyl group, a lower 
alkylsulfonylpiperazinyl group, a pyrrolidinyl group, a lower alkyl pyrrolidinyl group, a lower alkyl pyrazinyl 
group, a tetrahydrofuranyl group, a lower alkoxy pyridylamino group, and a pyrimidinylamino group, 
(iii) a phenyl group which is optionally substituted by hydroxy group or a lower alkoxy group, 
20 (iv) a pyridyl group which is optionally substituted by a lower alkyl group, 

(v) a pyrazolyl group which is optionally substituted by a lower alkyl group, 

(vi) an isoxazolyl group which is optionally substituted by a lower alkyl group, 

(vii) a morpholinyl group, 

(viii) a piperidyl group which is optionally substituted by one to four, same or different, substituents selected 
25 from the group consisting of a lower alkoxycarbonyl group, a lower alkyl sulfonyl group, a lower alkyl group, 

a cyano-substituted lower alkyl group, a hydroxy-substituted lower alkanoyl group, formyl group, a lower 
alkoxy-substituted lower alkanoyl group, and a lower alkylamino-substituted lower alkanoyl group, 

(ix) a cyclo lower alkyl group which is optionally substituted by one to three, same or different, substituents 
selected from the group consisting of a hydroxy group which is optionally protected, a lower alkoxy group, 

30 and a pyrimidinyl-substituted oxy group, and 

(x) a pyrimidinylamino group which is optionally substituted by a lower alkyl group or a lower alkoxycarbonyl 
group. 

[0038] Preferable compounds (I) of the present invention are compounds (I) wherein 

35 

X is =CH-, 

Y is -CH=N- -N=CH-,-N=N- , 



- - -ft=e- 



45 



so R1 is a pyrrolidyl group which is optionally substituted by a hydroxy-substituted lower alkyl group, 

R 2 is a lower alkylamino group which is optionally substituted by a phenyl group which is optionally substituted by 
one or two substituents selected from a lower alkoxy group and a halogen atom, and 

R 3 is (1) a lower alkoxy group, (2) a lower alkyl group which is optionally substituted by a pyrimidinyl group or a 
morpholinyl group, or (3) an amino group which is optionally substituted by a cyclo lower alkyl group which is 
55 optionally substituted by hydroxy group. 

[0039] Preferable compounds (I) of the present invention are compounds (I) wherein 
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X is =CH-, 
Y is -CH=CH-, 

R 1 is a pyrrolidinyl group which is optionally substituted by a pyridyl-substituted lower alkoxy group or a hydroxy- 
substituted lower alkyl group, 

R 2 is a lower alkylamino group which is optionally substituted by an phenyl group which is optionally substituted 
by one or two substituents selected from a lower alkoxy group and a halogen atom, and 

R 3 is (1) a lower alkoxy group, or (2) a lower alkyl group which is optionally substituted by a pyrimidinyl group or 
a morpholinyl group. 

[0040] Preferable compounds (I) of the present invention are compounds (I) wherein 

an aryl group on R 1 , R 2 , R 3 , R 4 , R 5 , R 6 or R 7 is a monocyclic, bicyclic or tricyclic 6-1 4 membered aryl group which 
may be partially saturated, or a heterocyclic ring containing N atom(s) on R 1 , R 3 , R 4 , R 5 , R 6 or R 7 is a monocyclic or 
bicyclic 5 to 14 membered heterocyclic containing N atom(s). More concretely, said monocyclic, bicyclic or tricyclic 
6-14 membered aryl group which may be partially saturated on R 1 , R 3 , R 4 R 5 , R 6 or R 7 is phenyl, naphthyl, indenyl 
or indanyl. 

[0041] More concretely said monocyclic or bicyclic 5 to 14 membered heterocyclic ring containing N atom(s) on R 1 , 
R 3 , R 4 R 5 , R 6 or R 7 is shown as following structures: 






or 




wherein ring B is shown as following structures; 






14 



EP 1 277 741 A1 




[0042] Furthermore concretely, said monocyclic or bicyclic 5 to 14 membered heterocyclic ring containing N atom(s) 
on R 1 , R 3 , R 4 , R 5 , R 6 or R 7 is pyridyl, pyrimidinyl, imidazolyl, piperidyl, pyrazolyl, morpholinyl, piperazinyl, pyrrolidinyl, 
dihydroisoindolyl, tetrahydroimidazo[1,2-a]pyrazyl, tetrahydroisoquinolyl, dihydro-5-pyrTolo[3,4-b]pyridyl, naphthylidi- 
nyl, pyrazo[3 ,4 -d] pyridyl, tetrahydropyridyl, oxazolo[4,5-c]pyridyl, octahydropyrido[3,4-d]pyrimidinyl, thiazolo[4,5-d]py- 
ridyl, imidazo[4,5-d]pyridyl, perhydrodiazepinyl, perhydropiperadino[3,4-c]piperadiny1, tetrahydroisoxazolo[4,5-c]pyri- 
dyl, hexahydropyrazolo[4,3-c]pyridyl, dihydropyridyl, tetrahydroxazolo[5 p 4-c]pyridyl, hexahydropyrido[3,4-d]pyrimidi- 
nyl, octahydropyrido[4,3-d]pyrimidinyl, tetrahydrothiazolo[5,4-c] pyridyl, imidazo[4,5-b]pyridyl, homopiperazinyl, perhy- 
dropyrazino[1,2-a]pyrazinyl, tetrahydropyrido[4,3-d]pyrimidinyl, tetrahydrothieno[3,2-c]pyridyl, or tetrahydronaphthyl- 
idinyl. 

[0043] The compound (I) of the present invention or its pharmacologically acceptable salt can be present in form of 
optical isomers, in case that R 1 , R 2 , R 3 , R 4 , R 5 , R 6 and/or R 7 have an asymmetric carbon atom, and the present 
invention includes these optical isomers and their mixture. 

[0044] The compound (I) of the present invention or its pharmacologically acceptable salt has an excellent specific 
PDEV inhibitory activity, does affect little color sense disoder and blood pressure, and therefore, is useful for prophy- 
lactic or therapeutic agents for erectile dysfunction, etc. 

[0045] The compound (I) of the present invention can be used as a medicine in free base or its acceptable salt. As 
a pharmacologically acceptable salt of the compound (I), are illustrated inorganic acid salts such as a hydrochloride, 
a sulfate, a nitrate, a hydrobromide, organic acid salts such as an acetate, a fumarate, an oxalate, a citrate, a rneth- 
anesulfonate, a benzenesulfonate, a tosylate or a maleate. 

[0046] The compound (I) of the present invention or its salt includes an intramolecular salt, an additive salt, its solvates 
or its hydrates. 

[0047] The compound (I) of the present invention or its pharmacologically acceptable salt is manufactured into tra- 
ditional pharmaceutical preparations. These preparations are prepared by a conventional method with additives, such 
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as excipients, binders, poultices, disintegrants, or fillers. 

[0048] The compound (I) of the present invention or its pharmacologically acceptable salt is, depending on admin- 
istration route, age, body weight or situation of the patients, usually administerd about 0.001-1 OOmg/kg/day, especially 
0.1-10mg/kg/day. 

[0049] According to the present invention, the compound (I) is prepared by [method A] to [Method D]. 
[Method AJ 

[0050] The compound (I) of the present invention is prepared by reacting a compound of the following formula(ll), 




,8 (II) 



wherein X 1 is a halogen atom, R 8 is a protective group of the carboxyl group, R 9 is a lower alkyl group or an aryl 
group whose each group is optionally substituted, and X and Y are the same as defined above, 
with a compound of the following formula (III), 

R 2 -H (III) 
wherein R 2 is the same as defined above, to prepare a compound of the following formula (IV), 




.8 (IV) 



wherein each symbol is the same as defined above, and by oxidizing the compound (IV) to prepare a compound 
of the following formula (V), 




8 (V) 



wherein n is 1 or 2, and other symbols are the same as defined above, 
and further, by reacting the compound (V) with a compound of the following formula (VI) or a salt thereof, 

r'-H (VI) 
wherein R 1 is the same as defined above, to prepare a compound of the following formula (VII), 




wherein each symbol is the same as defined above, and then by removing a protective group of the carboxyl 
group, R 8 to prepare a compound of the following formula (VIII), 



16 



10 



20 



30 
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50 
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R 2 




Y 



wherein each symbol is the same as defined above, and further by reacting the compound (VIII) with a compound 
of the following formula (IX) or its reactive derivative, 

R 3 -H (IX) 



wherein R 3 is the same as defined above, to prepare the compound (I). 
[0051] The compound (I) of the present invention is also prepared by halgenating the compound (VIII) to prepare a 
15 compound of the following formula (X), 

R 1_/T_ COx2 (X) 




wherein X 2 is a halogen atom and other symbols are the same as defined, 
and then by reacting the compound (X) with a compound (IX) or its reactive derivative. 
25 [0052] A compound (VII) wherein Y is -CH=N-, -N=CH- or -N=N-, is also prepared by reacting carbon dioxide and a 
dihalogeno compound of the following formula (XI), 



(XI) 



wherein X 3 and X 4 are a halogen atom, and X is the same as defined above, and Y is -CH=N- t 
35 _n=CH- or -N=N-, 

to prepare a compound of the following formula (XII), 



.X 4 

X 



X* 




I V (XII) 

yl^COOH 



wherein Y 1 is -CH=N-, -N=CH- or -N=N-, and other symbols are the same as defined, 
45 and by protecting the carboxyl group of the compound (XI!) to prepare a compound of the following formula (XIII), 



^x 4 

X 



,3 




Ml . (xiii) 



^COOR 8 



wherein the above symbols are the same as defined above, 
and then by reacting the compound (XIII) with a compound (III) to prepare a compound of the following formula (XIV), 
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(XIV) 



wherein the above symbols are the same as defined above, 
and then by reacting the compound (XIV) with the compound (VI). 

[0053] A compound (XIV) is also prepared by hydrolyzing a compound (V) wherein Y is -CH=N-, -N=CH- or -N=N- f 
to prepare a compound of the following formula (XV), 




wherein the above symbols are the same as defined above, 
and then by halogenating the compound (XV). 

[Method B] 

[0054] The compound (I) of the present invention is prepared by reducing a compound (IV) to prepare a compound 
of the following formula (XVI), 




(XVI) 



wherein the above symbols are the same as defined above, 
and then by oxidizing the compound (XVI) to prepare a compound the following formula (XVII), 




(XVII) 



wherein the above symbols are the same as defined above, 
and then, by oxidizing the compound (XVII) to prepare a compound of the following formula (XVIII), 




(XVIII) 



wherein the above symbols are the same as defined above, 
and then by reacting the compound (XVIII) with a compound (VI) or its salt, to prepare a compound of the following 
formula (XIX), 




(XIX) 
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wherein the above symbols are the same as defined above, 
and further by reacting the compound (XIX) with a compound (IX) or its reactive derivative to prepare a compound of 
the following formula (XX), 




wherein the above symbols are the same as defined above, 
and then by further oxidizing the compound (XX). 

[0055] The compound (I) in which R 3 is a lower alkoxy-substituted ethyl group or a morpholino-substituted ethyl 
group, namely a compound of the following formula (l-a), 




wherein R 10 is a lower alkoxy group or morpholino group, and other symbols are the same as defined above, is 
also prepared by reacting a compound (XIX) and a Grignard agent of the following formula (XXI), 

CH 2 =CHMgBr (XXI) 

to prepare a compound of the following formula (XXII), 




(XXII) 



wherein the above symbols are the same as defined above, 
and by oxidizing the compound (XXII) to prepare a compound of the following formula (XXIII), 




(XXIII) 



wherein the above symbols are the same as defined above, 
and then by reacting the compound (XXIII) and a compound of the following formula (XXIV) or its salt, 

R 10 -H (XXIV) 
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wherein R 10 is the same as defined above. 
[Method C] 

[0056] The compound (I) of the present invention is also prepared by reacting a compound of the following formula 
(XXV), 




(XXV) 



wherein the above symbols are the same as defined above, 
, which is prepared by deprotecting the protective group (R 8 ) of the carboxyl group of a compound (IV), 
and a compound (IX) or its reactive group to prepare a compound of the following formula (XXVI), 




(XXVI) 



wherein the above symbols are the same as defined above, 
and by oxidizing the compound (XXVI) to prepare a compound of the following formula (XXVII), 




(XXVII) 



wherein the above symbols are the same as defined above, 
and by reacting the compound (XXVII) with a compound (VI) or its salt. 

[0057] The compound (XXVI) is also prepared by reacting a compound (XVII) and a compound (IX) or its reactive 
derivative to prepare a compound of the following formula (XXVIII), 




(XXVIII) 



wherein the above symbols are the same as defined above, 
and then by oxidizing the compound (XXVIII). 

[Method D] 

[0058] The compound (I) is also prepared by reacting a dihalogeno compound (XI) and a compound of the following 
formula (XXIX), 
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R 3 -CHO 

wherein R 3 is the same as defined above, to prepare a compound of the following formula (XXX), 



(XXIX) 




(XXX) 



wherein the above symbols are the same as defined above, 
and by oxidizing the compound (XXX) to prepare a compound of the following formula (XXXI), 




(XXXI) 



wherein the above symbols are the same as defined above, 
and by reacting the compound (XXXI) with a compound (III) to prepare a compound of the following formula (XXXII), 




(XXXII) 



wherein the above symbols are the same as defined above, 
and by reacting the compound (XXXII) with a compound (VI) or its salt. 

[0059] The compound (XXXII) is also prepared by reacting a compound (XXX) and a compound (III) to prepare a 
compound of the following formula (XXXI II), 




(XXXIII) 



wherein the above symbols are the same as defined above, 
and then by oxidizing the compound (XXXIII). 

[Method E] 

[0060] Among the compounds (I) of the present invention, a compound of the following formula (l-b), 
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R 11 W. 




(l-b) 



wherein W is immino group or an oxygen atom, R 11 is a lower alkyl group which is optionally substituted, R 12 is 
an aryt-substituted lower alkyl group which is optionally substituted or a lower alkyl group substituted by an aromatic 
heterocycle containing N atom(s), and R 3 is the same as defined above, 
is also prepared by reacting a compound of the following formula (XXXIV), 



R 3 



(XXXIV) 



wherein R 13 is a protective group of hydroxy group or a protective group of an amino group, 
with ammonia to prepare a compound of the following formula (XXXV), 



R 13 VU 




R 13 VY 



CONH 2 



wherein the above symbols are the same as defined above, 
and by subjecting the compound (XXXV) to Hofmann rearrangement to prepare an aniline compound of the following 
formula (XXXVI), 



R 13 W 




NH 2 

o (xxxvi) 



wherein the above symbols are the same as defined above, 
and by deprotecting the protective group R 13 to prepare a compound of the following formula (XXXVII), 



HW. 




(XXXVII) 



wherein the above symbols are the same as defined above, 
and by reacting the compound (XXXVII) with a compound of the following formula (XXXVIM), 



(XXXVIII) 
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wherein X s is a leaving group and R 11 is the same as defined above, 
to prepare a compound of the following formula (XXXIX), 




(XXXIX) 



wherein the above symbols are the same as defined above, 
and further, by reacting the compound (XXXIX) with a compound of the following formula (XL), 

R 12 -X 6 (XL) 

wherein X 6 is a leaving group and R 12 is the same as defined above. 
[0061] The compound (l-b) of the present invention is also prepared by reacting a compound (XXXVI) with a com- 
pound (XL) to prepare a compound of the following formula (XLI), 




wherein the above symbols are the same as defined above, 
and by deprotecting the protective group R 13 of the compound (XLI) to prepare a compound of the following formula 
(XLII), 




(XLII) 



wherein the above symbols are the same as defined above, 
and by reacting the compound (XLII) with a compound (XXXVIII). 

[Process F] 

[0062] Among compounds (I) of the present invention, a compound of the following formula (l-c) 




wherein R 17 is an aryl group which is optionally substituted and other symbols are the same as defined above, 
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is also prepared by reacting a compound of the following formula (XLIII), 



(XLIII) 

COOR" 

wherein X 14 is a halogen atom and R 8 is the same as defined above, 
with a compound (VI) to prepare a compound of the following formula (XLIV), 



N0 2 

(XLIV) 

COOR 8 



wherein the above symbols are the same as defined above, 
and by reducing the compound (XLIV) to prepare a compound of the following formula (XLV), 



'XX, 



NH 2 

(XLV) 

COOR 8 



wherein the above symbols are the same as defined above, 
and by reacting the compound (XLV) with a compound of the following formula (XLVI), 



R 17 -CHO (XLVI) 



wherein the above symbols are the same as defined above, 
to prepare a compound of the following formula (XLVII), 



H 

RV^^v^ N CH 2 — R 17 



s COOR 8 

wherein the above symbols are the same as defined above, 
and by deprotecting the protective group (R 8 ) of the compound (XLVII), and then by reacting the deprotected compound 
with a compound (IX) or its reactive derivative. 

[0063] Furthermore, according to the present invention, a compound (I) wherein Y is 

H 

— C=N— — C=C— or — N=C— . 



R 5 R" & 

(in which the above symbols are the same as defined above), namely a compound of the following formula (l-d), 



J, 
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R 2 

Y 2 



wherein Y 2 is 

H 

— C=N— — C=C— or — N=C— 
R f R 6 R 

(in which the above symbols are the same as defined above), is prepared by the following methods G to I. 
[Method G] 

[0064] A compound (l-d) of the present invention is prepared by treating a compound of the following formula (XLVI 1 1), 



X 7 

R 9 S — I \\ (XLVIII) 
Y 21 




wherein Y 21 is 



H 

-C=N— — C=C— or — N=C— 
X 8 ' jl 9 X 10 ' 



(in which X 7 , X 8 , X 9 and X 10 are a halogen atom), and other symbols are the same as define above, 
with carbon dioxide to prepare a compound of the following formula (XLIX), 



X 7 



COOH (XL,X) 

wherein the above symbols are the same as defined above, 
and by reacting the compound (XLIX) with a compound (III) to prepare a compound of the following formula (L), 



R 2 



R 9 S 




Y 2i~COOH 



wherein the above symbols are the same as defined above, 
and if necessary, hogenating the compound (L) and then by reacting the compound (L) with a compound (IX) or its 
reactive derivative to prepare a compound of the following formula (LI), 
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x .R 2 

wherein the above symbols are the same as defined above, and by reacting the compound (LI) with a compound 
of the following formula (LI I), 

10 

H-R 5 " 7 (LI I) 

wherein R 5 " 7 is R 5 , R 6 or R 7 , to prepare a compound of the following formula (Llll), 

15 



R 

(Llll) 



20 COR 



wherein the above symbols are the same as defined above, 
and by oxidizing the compound (Llll), 
25 and then by reacting the oxidized compound with a compound (VI). 

[0065] R 3 of a compound (Llll) of the present invention may be converted, if necessary after protecting the carboxyi 
group of a compound (L). As said protective group, one used in a liquid phase and a usual solid phase carrier such as 
a merrifield resin may be used. The addition-reaction of the compound (Lll) is carried, if desired. 

30 [Method H] 

[0066] A compound (l-d) of the present invention is prepared by reacting a compound of the following formula (LIV), 
35 X 7 

40 

wherein X 11 is a halogen atom and other symbols are the same as defined above, 
and a compound (III), and then by reacting the reactant with a compound (IX) or its reactive derivative to prepare a 
compound of the following formula (LV), 



45 



R 2 




50 



*"-0^orf <LV) 

wherein the above symbols are the same as defined above, and by reacting the compound (LV) with a compound 
of the following formula (LVI), 

55 R 9 SH (LVI) 

wherein R 9 is the same as defined above, to prepare a compound of the following formula (LVII), 
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(LVII) 



wherein the above symbols are the same as defined above, 
and by reacting the compound (LVII) with a compound (Lll) to prepare a compound (LI 1 1) and by oxidizing the compound 
(Llll), and then by reacting the oxidized compound with a compound (VI). 

[0067] The compound (l-d) is also prepared, after reacting a compound (LV) with a compound (Lll), by reacting the 
reactant with a compound (VI), or by reacting the reactant with a compound (Lll) after reacting a compound (LV) and 
a compound (VI). 

[Method I] 

[0068] A compound (l-d) of the present invention is prepared by treating a compound of the following formula (LVlll), 

X 13 

wherein X 12 and X 13 are a halogen atom, and other symbols are the same as defined above, 
with carbon dioxide to prepare a compound of the following formula (LIX), 




(LIX) 



wherein the above symbols are the same as defined above, 
and by reacting the compound (LIX) with a compound (LVI), and then by reacting the reactant with a compound (IX) 
or its reactive derivative to prepare a compound of the following formula (LX), 




wherein the above symbols are the same as defined above, 
and by reacting the compound (LX) with a compound (Lll) to prepare a compound of the following formula (LXI), 




(LXI) 



wherein the above symbols are the same as defined above, 
and by reacting the compound (LXI) with a compound (VI) or its salt and by oxidizing the reactant and then by reacting 
the oxidized compound with a compound (III). 
[0069] According to the present invention, the compound (I) 

wherein Y is -NH-, -NR 4 -, -S- or -0-, and R 2 is a lower alkylamino group which is optionally substituted by an aryl group 
which is optionally substituted, namely a compound of the following formula (l«e), 
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-NH — CH 2 — R 17 



Y 3 



wherein Y 3 is -NH-, -NR 4 -, -S- or -O-, and R 17 is an aryl group which is optionally substituted, and other symbols 
are the same as defined above, 
is prepared by the following Method J 

10 

[Method J] 

[0070] A compound (l-e) of the present invention is prepared by protecting a compound of the following formula (LXII) 

15 



O 

HY X (LXII) 
V OH 



2Q wherein the above symbols are the same as defined above, 

to prepare a compound of the formula (LXIII), 



25 R 14 Y V A (LXIII) 

v OH 

wherein R 14 is a protective group, and Y is the same as defined above, 
30 and then, by reacting the compound (LXIII) with a compound (IX) or its reactive derivative to prepare a compound of 
the following formula (LXIV) 

O 

35 



r1 \A 3 (lxiv) 



wherein the above symbols are the same as defined above, 
*o and then by deprotecting the compound (LXIV) to prepare a compound of the following formula (LXV), 



O 

HY. v X . (LXV) 



wherein the above symbols are the same as defined above, 
and then, by reacting the compound (LXV) with a compound of the following formula (LXVI), 

so 

NCX =< R1 1fl < LXVI > 

55 

wherein R 16 is a lower alkyl group which is optionally substituted or an aryl group which is optionally substituted, 
and other symbols are the same as defined above, 
to prepare a compound of the following formula (LXVII), 
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Y 



NH 2 



R 



i 



COR 3 



(LXVII) 



5 



wherein the above symbols are the same as defined above, 
and by reacting the compound (LXVII) with a compound (XLVI). 

[0071] Furthermore, according to the present invention, the compound (I) is also prepared by appropriately combining 
10 each step in the above methods, and R 1 of the compound (I) is changed, if desired. 
[0072] The above methods A-J are practiced as follows: 



15 [0073] The reaction of a compound (II) and a compound (III) is carried out in a solvent in the presence or absence 
of an acid scavenger. 

[0074] As an acid scavenger, is preferably used such as an organic base, such as N,N-diisopropylethylamine, N- 
methylmorpholine, triethylamine or pyridine, etc., or an inorganic base, such as sodium hydride, sodium carbonate, 
potassium carbonate or sodium hydrogen carbonate, etc. As a solvent, is preferably used a solvent which does not 
20 disturb the reaction, such as dimethyl sulfoxide, tetrahydrofuran, toluene, ethylacetate, chloroform, dimethoxyethane, 
xylene, N.N-dimethylformamide, acetonitrile, N-methyl pyrrol idone, N,N-dimethylacetamide, ordioxane, etc. The reac- 
tion of a compound (II) and a compound (III) which are poor in reactivity is preferably carried out in catalyst of a copper 
reagent such as copper bromide, etc. The reaction preferably proceeds at -10°C to room temperature, especially at 
0°C to room temperature. 

25 [0075] The oxidation reaction of the compound (IV) to give the compound (V) can be carried out in the presence of 
an oxidizing agent in a solvent. As an oxidizing agent, is preferably used a peracid, such as m-chloro perbenzoic acid, 
or peracetic acid, or an inorganic oxidizing agent such as manganese dioxide, sodium periodide, hydrogen peroxide, 
dinitrogen tetroxide, halogen, hydroperoxide, iodobenzene acetate, tert-butyl hypochlorite, surfuryl chloride, or potas- 
sium peroxymonosulfate, etc. As a solvent, is preferably used a solvent which does not disturb the reaction, such as 

30 chloroform, methylene chloride, dichloroethane, or acetic acid, etc. The reaction is preferably carried out at -78°C to 
50°C, especially -10°C to 10°C. 

[0076] The reaction of a compound (V) and a compound (VI) or its salt is carried out in a solvent in the presence or 
absence of an acid scavenger. As an acid scavenger, is preferably used such as an organic base such as N,N-diiso- 
propylethylamine, N-methylmorpholine, triethylamine, or pyridine, etc., or an inorganic base, such as sodium hydride, 

35 sodium carbonate, potassium carbonate, cesium carbonate or sodium hydrogen carbonate, etc. As a salt of a com- 
pound (VI), is preferably used an alkali metal salt, such as a sodium salt, or potassium salt, etc. As a solvent, is 
preferably used a solvent which does not disturb the reaction, such as N.N-dimethylformamide, tetrahydrofuran, dimeth- 
oxyethane, dimethyl sulfoxide, acetonitrile, N-methylpyrrolidone, N.N-dimethylacetamide, dioxane, diglyme or dimeth- 
oxyethane, etc. The reaction of a compound (V) and a compound (VI) which are poor in reactivity is preferably carried 

<o out by addition of palladium(O) catalyst and phosphine ligand. Trisdibenzylidene acetone dipalladium is preferably used 
as catalyst and 2,2'-bisdiphenylphosphino-1,1'-binaphtyl, etc., as phosphine ligand, respectively. The reaction prefer- 
ably proceeds at 0°C to 250°C, especially at room temperature to 200°C. 

[0077] In order to prepare a compound (VIM) from a compound (VII) by deprotecting the protective group (R 8 ) of the 
carboxyl group thereof, the conventional method depending on a kind of the protective groups (e.g. hydrolysis, catalytic 

45 reduction, etc.) is properly utilized. In case of deprotection of the protective group by hydrolysis, for example the hy- 
drolysis is carried out in a solvent in the presence of a base. As a base, is preferably used such as an alkali metal 
hydroxide, such as sodium hydroxide, potassium hydroxide, or lithium hydroxide, etc., or an alkali metal carbonate, 
such as sodium carbonate, or potassium carbonate, etc. As a solvent, water or a mixture of water and methanol, 
ethanol, tetrahydrofuran, dioxane, N.N-dimethylformamide, or dimethyl sulfoxide, etc., is properly used. The reaction 

50 is preferably carried out at 0°C to 80°C, especially 5°C to 60°C. As a protective group (R 8 ) of the carboxyl group, is 
used a conventional protective group, such as a lower alkyl group or benzyl group, etc. 

[0078] The reaction of a compound (VIII) and a compound (IX) or its reactive derivative is carried out in a solvent in 
the presence or absence of a condensing agent, a base or an activating agent. As a reactive derivative of a compound 
(IX), is preferably used a halogenated compound or a salt of the compound (IX). As a condensing agent, is preferably 
55 used dicyclohexylcarbodiimido, 1-ethy1-3-(3-dimethylaminopropyl)carbodiimido, diphenylphospholylazido, or diethyl- 
cyanophosphonate, etc., which is usually used in the peptide synthesis. As a base, is preferably used an organic base, 
such as triethylamine or N-methylmorpholine, etc., and as an activating agent, is preferably used 1-hydroxybenzotri- 
azole, etc. As a solvent, is preferablly used a solvents which does not disturb the reaction, such as methylene chloride, 



[Method A] 
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tetrahydrofuran, N,N-dimethytformamide, acetonitrile, N.N-dimethylacetamide, ethyl acetate, etc. The reaction is car- 
ried out at -30°C to 50°C, especially -10°C to 10°C. 

[0079] The reaction of a compound (IX) or its reactive derivative with a compound (X), which is prepared from a 
compound (VIII) as another method, is carried out as follows: first a compound (VIII) is reacted with a hologenating 

5 agent in the presence or absence of an activating agent by a conventional method to prepare the compound (X), and 
then the compound (X) is reacted with the compound (IX). The reaction of the compound (VIII) and a halogenating 
agent is carried out in a solvent or without a solvent. As a halogenating agent, is preferably used thionyl chloride, oxalyl 
chloride or phosphorus pentachloride, etc. As an activating agent, is preferably used an amide compound such as N, 
N-dimethylformamide, or diethylaniline, etc. As a solvent is preferably used a solvent which does not disturb the reac- 

10 tion, such as methylene chloride, chloroform, tetrahydrofuran, benzene, toluene, or dioxane, etc. The reaction is pref- 
erably carried out at -30°C to 100°C 1 especially 5°C to 10°C. 

[0080] The subsequent reaction of a compound (X) and a compound (IX) is carried out in a solvent in the presence 
of an acid scavenger. As an acid scavenger, is preferably used an organic base, such as N,N-diisopropylethy1amine, 
N-methylmorpholine, triethytamine, pyridine, dimethylaminopyridine, etc., or an inorganic base, such as sodium hy- 
15 droxide, sodium carbonate, potassium carbonate, sodium hydrogen carbonate, etc. As a solvent is preferably used a 
solvent which does not disturb the reaction, such as tetrahydrofuran, methylene chloride, chloroform, N,N-dimethyla- 
cetamide, toluene, benzene, dioxane, or ethyl acetate, etc. The reaction is preferably carried out at - 30°C to 100°C, 
especially 5°C to 10°C. 

[0081] Further, the reaction to prepare a compound (XII) from a dihalogeno compound (XI) by treating it with carbon 
20 dioxide is carried out in a solvent with a base. As a base, is preferably used such as an alkali metal salt of an organic 
base, such as lithium diisopropylamide, or lithium 2,2,6, 6-tetramethylpiperizide, etc. As a solvent, is preferably used 
a solvent which does not disturb the reaction, such as tetrahydrofuran, 1,2-dimethoxyethane, or diethyl ether, etc. The 
reaction is preferably carried out at -100°C to -30°C, especially -100°C to -70°C. 

[0082] The reaction to prepare a compound (XIII) by protecting the carboxyl group of a compound (XII) is carried out 
25 by a conventional method. In case that the protective group is a lower alkyl group, the reaction is carried out in the 
presence of a base and a solvent by adding an alkylating agent to the compound (XII). As an alkylating agent, is 
preferably used a lower alkyl halide such as methyl iodide. As a base, is preferably used an alkali metal hydrogen 
carbonate such as sodium hydrogen carbonate, and as a solvent, is preferably used a solvent which does not disturb 
the reaction, such as N, N-dimethylformamide or tetrahydrofuran, etc. The reaction is preferably carried out at 0°C to 
30 1 00°C, especially room temperature to 70°C. 

[0083] The reaction to prepare a compound (XIV) by reacting a compound (XIII) and a compound (III) is carried out 
in the same manner as the reaction of the compound (II) and the compound (III). 

[0084] The reaction to prepare a compound (VII) by reacting a compound (XIV) and a compound (VI) is carried out 
in the same manner as the reaction of the compound (V) and the compound (VI). 

35 [0085] The reaction to prepare a compound (XV) from a compound (V) by hydrolyzing it is carried out in a solvent 
in the presence of a base. As a base, is preferably used such as an alkali metal hydroxide, such as sodium hydroxide, 
potassium hydroxide, or lithium hydroxide, etc., or an alkali metal carbonate, such as sodium carbonate, or potassium 
carbonate, etc. As a solvent, is properly used water or a mixture of water and methanol, ethanol, tetrahydrofuran, 
dioxane, N, N-dimethylformamide, dimethyl sulfoxide, etc. The reaction is preferably carried out at -20°C to 80°C, es- 

40 pecially 5°C to 60°C. 

[0086] The reaction to prepare a compound (XIV) by halogenating a compound (XV) is carried out in the same 
manner as the reaction to prepare the compound (X) by halogenating the compound (VIII) with a halogenating agent. 

[Method B] 

45 

[0087] The reduction of the a compound (IV) to give the compound (XVI) can be carried out in the presence of a 
reducing agent in a suitable solvent. As a reducing agent, is preferably used such as an alkali metal alminium hydrate, 
such as lithium alminium hydrate, or an alkali metal borohydrate, such as lithium borohydrate. As a solvent, is preferably 
used such as a solvent which does not disturb the reaction, such as tetrahydrofuran, dioxane, diethyl ether, or dimeth- 
so oxyethane, etc. The reaction is preferably carried out at -78°C to a boiling point of the solvent, especially -10°C to room 
temperature. 

[0088] The oxidation of the compound (XVI) to give the compound (XVII) can be carried out in the presence of an 
oxidation agent in a solvent. There is no limitation as long as the oxidizing agent leads an alcohol compound into a 
carbonyl compound, but is preferably used manganese dioxide, barium per manganate, potassium permanganate, 
55 2,3-dichloro-5,6-dicyano-1,4-benzoquinone, pyridinium chlorochromate, or pyridinium dichromate, etc. As a solvent, 
is preferably used a solvent which does not disturb the reaction, such as chloroform, toluene, ethyl acetate, 1 ,2-dichlo- 
roethane, methylene chloride, or tetrahydrofuran, etc. The reaction is preferably carried out at 0°C to 100°C, especially 
room temperature to 70° C. 
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[0089J The reaction to prepare a compound (XVIII) by oxidizing a compound (XVII) is carried out in the same manner 
as the reaction to prepare the compound (V) by oxidizing the compound (IV). 

[0090] The reaction to prepare a compound (XIX) by reacting a compound (XVIII) and a compound (VI) is carried 
out in the same manner as the reaction of the compound (V) with a compound (VI). 
5 [0091] The reaction to prepare a compound (XX) by reacting a compound (XIX) and a compound (IX) or its reactive 
derivative is carried out in an appropriate solvent. As a solvent, is preferably used a solvent which does not disturb the 
reaction, such as tetrahydrofuran, dioxane, diethyl ether, or dimethoxyethane, etc. The reaction is preferably carried 
out at -78°C to room temperature. 

[0092] The reaction to prepare the compound (I) by oxidizing a compound (XX) is carried out in the same manner 

10 as the reaction to prepare the compound (XVII) by oxidizing the compound (XVI). 

[0093] Further, the reaction of a compound (XIX) and a Grignard reagent (XXI) is carried out in an appropriate solvent. 
As a solvent, is preferably used a solvent which does not disturb the reaction, such as tetrahydrofuran, dioxane, or 
diethyl ether, etc. The reaction is preferably carried out at -78°C to 60°C, especially -78°C to room temperature. 
[0094] The reaction to prepare a compound (XXIII) by oxidizing a compound (XXII) is carried out in the same manner 

is as the reaction to prepare the compound (XVII) by oxidizing the compound (XVI). 

[0095] The reaction to prepare a compound (l-a) in which R 10 is morpholino by reacting a compound (XXIII) with a 
compound (XXIV) in which R 10 is morpholino group, is carried out in an appropriate solvent in the presence or absence 
of a base. As a base, is preferably used such as an organic base, such as N.N-diisopropylethylamine, N-methylmor- 
pholine, triethylamine, pyridine, etc., or an inorganic base, such as sodium hydride, sodium carbonate, potassium 

20 carbonate, or sodium hydrogen carbonate, etc. As a solvent, is preferably used ethanol, N,N-dimethylformamide, tet- 
rahydrofuran, dimethoxyethane, dimethyl sulfoxide, etc. The reaction is preferably carried out at 0°C to 150°C, espe- 
cially room temperature to 60°C. 

[0096] On the other hand, the reaction to prepare a compound (l-a) in which R 10 is a lower alkoxy group by reacting 
a compound (XXIII) with a compound (XXIV) in which R 10 is a lower alkoxy group, is carried out in the presence of an 
25 acid in a solvent or without a solvent. As an acid, is preferably used an inorganic acid such as sulfuric acid, or an 
organic acid, such as methane sulfonic acid, camphor sulfonic acid, toluene sulfonic acid or benzene sulfonic acid, 
etc. As a solvent, is preferably used diethyl ether, toluene, benzene, N,N-dimethylformamide, dimethoxyethane, or 
dimethyl sulfoxide, etc. The reaction is preferably carried out at 0°C to 150°C, especially room temperature to 60°C. 

30 [Method C] 

[0097] The reaction of removing the protective group (R 8 ) of the carboxyl group of a compound (IV) to give the 
compound (XXV) is carried out in the same manner as in the reaction of obtaining the compound (VIII) by removinig 
the protective group (R 8 ) from the carboxyl group of the compound (VII). 
35 [0098] The reaction to prepare a compound (XXVI) by reacting a compound (XXV) with a compound (IX) or its reactive 
derivative is carried out in the same manner as the reaction of the compound (VIII) with the compound (IX) or its reactive 
derivative. 

[0099] The reaction to prepare a compound (XXVII) by oxidizing a compound (XXVI) is carried out in the same 
manner as the reaction to prepare the compound (V) by oxidizing the compound (IV). 
40 [0100] The reaction to prepare the compound (I) of the present invention by reacting a compound (XXVII) with a 
compound (VI) is carried out in the same manner as the reaction of the compound (V) with the compound (VI). 
[0101] The reaction to prepare a compound (XXVIII) by reacting a compound (XVII) with a compound (IX) or its 
reactive derivative is carried out in the same manner as the reaction of the compound (XIX) with the compound (IX) 
or its reactive derivative. 

45 [0102] The reaction to prepare a compound (XXVI) by oxidizing a compound (XXVIII) is carried out in the same 
manner as the reaction to prepare the compound (XVII) by oxidizing the compound (XVI). 

[Method D] 

so [01 03] The reaction to prepare a compound (XXX) by reacting a compound (XI) with a compound (XXIX) is carried 
out in an appropriate solvent in the presence of a base. As a base, is preferably used such as an alkali metal salt of 
an organic base, such as lithium diisopropylamide, or lithium 2,2,6,6-tetramethylpiperizide, etc. As a solvent, is pref- 
erably used a solvent which does not disturb the reaction, such as tetrahydrofuran, 1,2-dimethoxyethane, or diethyl 
ether. The reaction is preferably carried out at - 100°C to -30°C, especially -100°C to -70°C. 

55 [01 04] The reaction to prepare a compound (XXXI) by oxidizing a compound (XXX) is carried out in the same manner 
as the reaction to prepare the compound (XVII) by oxidizing the compound (XVI). 

[01 05] The reaction to prepare a compound (XXXII) by reacting a compound (XXXI) with a compound (III) is carried 
out in the same manner as the reaction of the compound (II) with the compound (III). 
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[0106J Further, the reaction to prepare the compound (I) of the present invention by reacting a compound (XXXII) 
with a compound (VI) or its salt is carried out in the same manner as the reaction of the compound (V) with the compound 
(VI). 

[01 07] The reaction to prepare a compound (XXXIII) by reacting a compound (XXX) with a compound (III) is carried 
5 out in the same manner as the reaction of the compound (II) with the compound (III). The reaction to prepare a compound 
(XXXII) by oxidizing a compound (XXXIII) is carried out in the same manner as the reaction to prepare the compound 
(XVII) by oxidizing the compound (XVI). 

[Method EJ 

10 

[0108] The reaction to prepare a compound (XXXV) by reacting a compound (XXXIV) with ammonia is carried out 
in a presence of a condensing agent in a solvent. Ammonia can be used in an aqueous solution. As a condensing 
agent, is preferably used a condensing agent used in a conventional peptide synthesis, such as dicyclohexylcarbodi- 
imide, 1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide, or diisopropylcarbodiimide, etc. As a solvent, is preferably used 

15 a solvent which does not disturb the reaction, such as N,N-dimethylformamide, methylene chloride, chloroform, tet- 
rahydrofuran, etc. The reaction is carried out at -30°C to 50°C, especially 0°C to room temperature. 
[0109] The reaction to lead a compound (XXXV) into a compound (XXXVI) by subjecting it to Hofmann reaction is 
carried out in the presence of a base in a solvent with an alkali metal hypohalogenite. As a base, is preferably used 
sodium hydroxide or potassium hydroxide, etc., and as a solvent, is preferably used a solvent which does not disturb 

20 the reaction, such as dioxane, tetrahydrofuran, methylene chloride, acetonitrile, tert-butanol, methanol, ethanol, etc. 
As an alkali metal hypohalogenite, is preferably used sodium hypochlorite, sodium hypobromite, potassium hypobro- 
mite, potassium hypochlorite. The reaction is carried out at -20°C to 100°C, especially 10°C to 60°C. 
[0110] The reaction to prepare a compound (XXXVII) by deprotecting a compound (XXXVI), or to prepare a compound 
(XLII) by deprotecting a compound (XLI) is carried out according to the conventional deprotecting method used in the 

25 protective group for an amino group or a hydroxyl group. As a protective group for an amino group or a hydroxyl group, 
is illustrated formyl group, an alkanoyl group (acetyl group, propionyl group, chloroacetyl group, etc.), an aroyl group 
(benzoyl group, 4-methoxybenzoyl group, etc.), an alkoxycarbonyl group (methoxycarbonyl group, tert-butoxycarbonyl 
group, etc.), trialkylsilyl group (trimethylsilyl group, tert-butyldimethylsilyl group, etc.), an arylalkoxycarbonyl group (ben- 
zyloxycarbonyl group, etc,), an arylalkyl group (benzyl group, 4-methoxybenzyl group, etc.), or tetrahydropyranyl group. 

30 [0111] The removal of the protective group of an amino group or a hydroxyl group is carried out by hydrolysis with 
an acid (e.g. hydrochloric acid, sulfuric acid, phosphoric acid, p-toluensulfonic acid, trifluoroacetic acid, acetic acid, 
hydrogen fluoride, hydrogen bromide, aluminum chloride, trimethylsilyliodide, trifluoroborate, etc.) or a base (e.g. so- 
dium hydroxide, potassium hydroxide, potassium carbonate, sodium carbonate, potassium hydrogen carbonate, so- 
dium hydrogen carbonate, ammonia, hydrazine, etc.), by reduction (hydrogen-palladium C, formic acid-palladium C, 

35 zinc-acetic acid, metallic sodium-liquid ammonia, etc.), or by oxidation (2,3-dichloro-5,6-dicyano-1 ,4-benzoquinone 
(DDQ), hydrogen peroxide, mercury acetate, etc.). 

[0112] The reaction of a compound (XXXVII) with a compound (XXXVIII) is carried out in the presence of an acid 
scavenger in a solvent. As an acid scavenger, is preferably used an inorganic base, such as sodium hydroxide, po- 
tassium tert-butoxide, potassium carbonate, sodium carbonate, cesium carbonate, potassium hydroxide, sodium hy- 

40 droxide, sodium methoxide, sodium ethoxide, potassium amide, a lithium amide (e.g. lithium diisoprpylamide), etc., an 
organic base such as N.N-diisopropylethylamine, N-methylmorpholine, triethylamine, pyridine, etc. As a solvent, is 
preferably used a solvent which does not disturb the reaction, such as tetrahydrofuran, ethanol, methanol, dimethox- 
yethane, dimethylformamide, toluene, xylene, dimethyl sulfoxide, dimethylacetamide, dioxane, etc. The reaction pref- 
erably proceeds at -50°C to boiling point of the solvent, especially at 0°C to 100°C. 

45 [01 1 3] The reaction to prepare a compound (l-b) by reacting a compound (XXXIX) with a compound (XL), the reaction 
to prepare a compound (XLI) by reacting a compound (XXXVI) with a compound (XL), or the reaction to prepare a 
compound (l-b) by reacting a compound (XLII) with a compound (XXXVIII) is carried out in the same manner as the 
reaction of the compound (XXXVII) with the compound (XXXVIII). 

so [Method F] 

[01 14] The reaction of a compound (XLIH) with a compound (VI) is carried out in the same manner as the reaction 
of the compound (V) with the compound (VI). 

[0115] The reduction of a compound (XLIV) is carried out by the conventional method, for example, preferably by 
55 catalytic reduction. The catalytic reduction is carried out for example, at atomospheric pressure under hydrogen gas 
in a solvent in the presence of catalyst. As catalyst is preferably used palladium-carbon. As a solvent is preferably 
used ethanol. The reaction proceeds preferably at room temperature. 

[01 1 6] The reaction of a compound (XLVI) with a compound (XLVI) is carried out in the presence of a reducing agent 



32 




EP 1 277 741 A1 



in a solvent in the presence or absence of an acid, etc. As a reducing agent, is preferably used a sodium triacyloxy- 
borohydride, such as sodium triacetoxyborohydride. As an acid, is an organic acid, such as acetic acid, propionic acid, 
etc. As a solvent, is preferably used a solvent which does not disturb the reaction, such as dichloro ethane, methylene 
chloride, tetrahydrofuran, etc. The reaction preferably proceeds at -50°C to 100°C, especially at -10°C to room tem- 
5 perature. 

[01 171 The removal of the protective group (R 8 ) of the carboxyl group of a compound (XLVII) is carried out in the 
same manner as the removal of the protective group (R 8 ) of the carboxyl group of a compound (VII). 
[01 1 8] The subsequent reaction of the deprotected compound and a compound (IX) or its reactive derivative is carried 
out in the same manner as the reaction of a compound(Vlll) and a compound (IX) or its reactive derivative. 

10 

[Method G] 

[0119] The reaction to prepare a compound (XLIX) by treating a compound (XLVII I) with carbon dioxide is the same 
manner as the reaction to prepare a compound (XII) by treating a compound (XI) with carbon dioxide. 

15 [0120] The reaction to prepare a compound (L) by reacting a compound (XLIX) with a compound (III) is carried out 
in the same manner as the reaction to prepare a compound (IV) by reacting the compound (II) with the compound (III). 
[0121] The reaction to prepare a compound (LI) by reacting a compound (L) with a compound (IX), its salt or its 
reactive derivative is carried out in the same manner as the reaction to prepare a compound (l-a) by reacting the 
compound (VIII) with the compound (IX) or its reactive derivative. The halogenation of the compound (L) is carried out 

20 by the conventional method. 

[0122] The reaction to prepare a compound (LI II) by reacting a compound (LI) with a compound (Lll) is carried out 
in the same manner as the reaction to prepare the compound (IV) by reacting the compound (II) with the compound (III). 
[0123] The reaction to prepare a compound (I) by reacting a compound (VI) or its salt after oxidation of a compound 
(LIU) is carried out in the same manner as the reaction to prepare a compound (I) by reacting the compound (VI) or its 

25 salt and the compound (V) prepared by oxidation of the compound (IV). 

[0124] The protection of the carboxyl group of a compound (L) is carried out in the same manner as the reaction to 
prepare the compound (XIII) by protecting the carboxy group of the compound (XII). As a solid support, is used a 
halogenated resin, such as benzylated and phenacylhologenated resin, etc., as well as merrifield resin. 

30 [Method H] 

[0125] The reaction of a compound (LIV) and a compound (III) is carried out in the same manner as the reaction of 
the compound (II) and the compound (III). The subsequent reaction of a compound (IX) or its reactive derivative is 
carried out in the same manner as the reaction of the compound (VIII) and a compound (IX) or its reactive derivative. 
35 [0126] The reaction to prepare a compound (LVII) by reacting a compound (LV) and a compound (LVI) is carried out 
in a solvent in the presence or absence of an acid scavenger. 

[0127] As an acid scavenger, is preferably used an organic base, such as N,N-diisopropylethylamine, N-methytmor- 
pholine, triethylamine, pyridine, N.N-dimethylarrtinopyridine, etc., an inorganic base, such as sodium hydroxide, sodium 
carbonate, potassium carbonate, sodium hydrogen carbonate, cesium carbonate, sodium hydride, etc. As a solvent, 
40 is preferably used a solvent which does not disturb the reaction, such as xylene, N.N-dimethylformamide, tetrahydro- 
furan, dimethoxyethane, dimethyl sulfoxide, toluene, etc. The reaction preferably proceeds at -10°C to room temper- 
ature, especially at 0°C to room temperature. 

[0128] The reaction to prepare a compound (LIN) by reacting a compound (LVII) with a compound (Lll) is carried out 
in the same manner as the reaction to prepare the compound (IV) by reacting the compound (II) with the compound (III). 
45 [0129] The reaction with a compound (VI) after oxidation of a compound (Llll) is carried out in the same manner as 
the reaction to prepare the compound (I) by reacting the compound (VI) or its salt and the compound (V) prepared by 
oxidation of the compound (IV). 

[0130] The reaction with a compound (V!) after reacting a compound (LV) and a compound (Lll) is carried out in the 
same manner as the reaction of the compound (LI) with the compound (Lll), and the reaction of the compound (V) with 
50 the compound (VI). 

[0131] The reaction with a compound (Lll) after reacting a compound (LV) and a compound (VI) is carried out in the 
same manner as the reaction of the compound (V) with the compound (VI), and the reaction of the compound (LI) with 
the compound (Lll). 

55 [Method I] 

[0132] The reaction to prepare a compound (LIX) by treating a compound (LVIII) with carbon dioxide is the same 
manner as the reaction to prepare the compound (XII) by treating the compound (XI) with carbon dioxide. 
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[0133] The reaction of a compound (LIX) and a compound (LVI) is carried out in the same manner as the reaction 
to prepare the compound (LVI I) by reacting the compound (LV) with the compound (LVI). 

[0134] The reaction to prepare a compound (LX) by reacting a compound (IX) or its salt is carried out in the same 
manner as the reaction to prepare the compound (I) by reacting the compound (VIII) with the compound (IX). 
5 [0135] The reaction to prepare a compound (LXI) by reacting a compound (LX) and a compound (Lll) is carried out 
in the same manner as the reaction to prepare the compound (Llll) by reacting the compound (LI) with the compound 
(Lll). 

[0136] The reaction of a compound (LXI) and a compound (VI) or its salt is carried out in the same manner as the 
reaction to prepare the compound (VII) by reacting the compound (V) with the compound (VI). 
10 [0137] The subsequent oxidation of the compound thus prepared is carried out in the same manner as the oxidation 
of the compound (IV). 

[0138] The subsequent reaction to prepare a compound (J-d) by reacting the compound thus obtained with a com- 
pound (III) is carried out in the same manner as the reaction to prepare the compound (VII) by reacting the compound 
(V) and the compound (VI). 

15 

[Method J] 

[0139] The reaction to prepare a compound (LXI 1 1) by protection of a compound (LXI I) is carried out in the same 
manner as the reaction to prepare the compound (IV) by reacting the compound (II) with the compound (III). As a 
20 protective group, is used, for example a lower alkyl group which is optionally substituted. 

[0140] The reaction to prepare a compound (LXIV) by reacting a compound (LXIII) and a compound (IX) or its reactive 
derivative is carried out in the same manner as the reaction to prepare the compound (I) by reacting the compound 
(VIII) with the compound (IX) or its reactive derivative. 

[0141] The reaction to prepare a compound (LXV) by deprotecting a compound (LXIV) is carried out in the same 
25 manner as the reaction to prepare the compound (XXXVII) by deprotecting the compound (XXXVI). 

[0142] The reaction to prepare a compound (LXVII) by reacting a compound (LXV) and a compound (LXVI) is carried 
out in the presence or absence of a base in a solvent. As a base, is preferably used an organic base, such as N,N- 
diisopropylethylamine, N-methylmorpholine, triethylamine, pyridine, N,N-dimethylaminopyridine, etc., an inorganic 
base, such as sodium hydroxide, sodium carbonate, potassium carbonate, sodium hydrogen carbonate, etc. As a 
30 solvent, is preferably used a solvent which does not disturb the reaction, such as methanol, ethanol, acetone, N,N- 
dimethylformamide, tetrahydrofuran, etc. The reaction preferably proceeds at -10°C to 100°C, especially at 60°C to 
70°C. 

[01 43] The reaction of a compound (LXVII) and a compound (XLVI) is carried out in the same manner as the reaction 
of the compound (XLV) with the compound (XLVI). 
35 [0144] Thus obtained compound (I) is optionally, formed into its pharmacologically acceptable salt 

[0145] The starting material (II) is prepared in accordance with the method described in Journal of American Chemical 
Society Vol. 65, page 350 (1943) 

Example 

40 

[0146] Examples of the compound (I) of the present invention which is prepared by the above illustrated methods 
are illustrated as follows, but thereby the present invention should not be limited. 

Example 1 

45 

[0147] 

(1) A 1.6 M solution of n-butyl lithium in hexane (96.5ml, 2.3mol) is added to a solution of diisopropylamine (1 5.62g, 
2.3 mol) in tetrahydrofuran (400ml) over a period of 10 minutes to on a dry ice-acetone bath, and the reaction 

50 mixture is stirred for 30 minutes. A solution of 2,4-dichloropyrimidine (10.00g, 1mol) in tetrahydrofuran (350ml) is 

added thereto over a period of 2 hours, and the mixture is stirred for additional 1 hour. A solution of 3,4,5-trimeth- 
oxybenzaldehyde (19.75g, 1.5mol) in tetrahydrofuran (100ml) is added thereto over a period of 1 hour and the 
mixture is further stirred for 1 hour. 

The reaction mixture is poured through a cannula into a mixture (ca. 1.5L) of ice and 10% hydrochloric acid 

55 (1 5L) and the mixture is extracted twice with each 500ml of ethyl acetate. The organic layer is collected, washed 

with 1 0% hydrochloric acid, water and an aqueous saturated sodium chloride solution, dried over anhydrous sodium 
sulfate, and condensed in vacuo. The residue is separated by silica gel chromatography (solvent; chloroform: 
hexane: ethyl acetate = 5:5:2 -» hexane: ethyl acetate = 3:1 -> 2: 1). The desired fraction is collected to condensed 
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In vacuo and the residue is separated by silica gel chromatography (solvent; chloroform: ethyl acetate = 30:1 -» 
15:1) to be crystallized from n-hexane to give 2,4-dichIoro-5-{hydroxy-(3,4,5-trimethoxyphenyl)methyl]pyrimidine 
10.83g (yield 47%) as a slightly greenish brown crystalline powder, mp 115-118°C 

(2) A mixture of the compound prepared in above (1) 10.83g, manganese dioxide 15g and chloroform 200ml is 
5 stirred for 1 6 hours at room temperature. Further manganese dioxide 35g and chloroform 60ml are added thereto 

and the mixture is stirred for 24 hours at room temperature. 

After removal of insoluble materials by Celite, the filtrate is concentrated in vacuo. The residue is purified by 

silica gel chromatography (solvent; hexane: ethyl acetate = 3:1) to be concentrated in vacuo to give 2,4-dichloro- 

5-(3,4,5-trimethoxyphenylcarbony1)pyrimidine, 9.30g (yield 86%) as a yellow prism, mp 140-141°C 
10 (3) To a suspension of the compound prepared in above (2) 1 5g in anhydrous toluene 200ml is added triethylamine 

6.63g. A solution of 3-chloro-4-methoxybenzylamine 7.5g in toluene 50ml is added thereto over a period of 20 

minutes at 0°C. When the greater part of the amine is added, a white powderish solid precipitates. The mixture is 

further stirred at room temperature for 1 hour. 

After stirring the reaction mixture for 2 hours, 3-chloro-4-methoxybenzytamine 0.75g is further added thereto. 
is The mixture is stirred for additional 1 hour and is filtrated to give a white substance like cake, followed by washing 

with toluene. The substance like cake consists of a mixture of the desired product and triethylamine hydrochloride. 

The white cake is dissolved in toluene, and treated with ethyl acetate, tetrahydrofuran and then water and sodium 

carbonate. The organic layer is washed with an aqueous sodium chloride solution and brine, in order. The solution 

is dried over anhydrous sodium sulfate and is concentrated. 
20 The residue is dissolved in chloroform, filtered and concentrated in vacuo. The residue is recrystallized from 

a mixture of chloroform and ether, respectively about 100ml, and the crystals are filtered. Th resulting cake like 

substances are well washed with ether and dried on air to give 2-chloro-5-(3,4,5-trimethoxyphenylcarbonyl)- 

4-(3-chloro-4-methoxybenzylamino)pyrimidine 20.21 g (yield 97%). mp 165°C 

(4) To a solution of 2-(hydroxymethyl)pyridine 68mg in tetrahydrofuran 3ml is added sodium hydride 25mg (60% 
25 suspension in oil), and the mixture is stirred for 30 minutes to give a white suspension. A solution of the compound 

prepared in above (3) 45mg in tetrahydrofuran 3ml is added to the white suspension. During addition color of the 
suspension is changed to yellow from white. After the mixture is stirred for 1 hour, the reaction mixture is concen- 
trated in vacuo. The residue is poured into ice-water and the mixture is extracted with ethyl acetate. The organic 
layer is washed with water and brine in order, dried over anhydrous sodium sulfate, and concentrated in vacuo 
30 and dried. The residue ispurified by silica gel chromatography (solvent; chloroform: methanol = 50:1) to give a 

single spot on a thin-layer chromatograph. 

[0148] The desired fraction is evaporated to dryness and the residue is triturated with ethyl acetate-hexane-diiso- 
propyl ether to give 2-(2-pyridylmethoxy)-5-(3,4,5-trimethoxyphenylcarbonyl)-4-(3-chloro-4-methoxybenzylamino) py- 
35 rimidine 56.0mg as white crystals, mp 129°C 

Example 2 

[0149] A solution of 2-methylaminoethanol 100mg in dimethylformamide 1ml is added at room temperature to a 
^o solution of 2-chloro-5-(3,4 I 5-trimethoxyphenylcarbonyl)-4-(3-chloro-4-methoxybenzylamino) pyrimidine (120mg) pre- 
pared in above Example 1-(3) in dimethylformamide (1ml). The mixture is stirred at room temperature for 1 hour and 
thereto is added water 50ml. The mixture is extracted with ethyl acetate-chloroform and the extract is subjected to 
silica gel chromatography (solvent: chloroform-m 

methoxyphenylcarbonyl)-4-(3-chloro-4-methoxybenzylamino)pyrimidine 110mg as white crystals, mp 166.5-168°C 

45 

Example 3 

[01 50] A mixture of 1 01 mg of 2-chloro-5-(3,4,5-trimethoxyphenylcarbonyl)-4-(3-chloro-4-methoxybenzylamino) py- 
rimidine prepared in above Example 1-(3), potassium cyanide 27.5mg and palladium chloride triphenylphosphine 3mg 
so in dimethylformamide 3ml is stirred at 120°C for 7 hours. To the reaction mixture is added 4-hydroxypiperidine, and 
the mixture is stirred at room temperature for 1 hour. The reaction mixture is poured into water and is twice extracted 
with ethyl acetate. The extract is washed with water and brine in order, dried over anhydrous sodium sulfate and 
evaporated to dryness to give 2-cyano-5-(3 ( 4,5-trimethoxypheny1carbonyl)-4-(3-chloro-4-methoxybenzylamino)pyrimi- 
dine as a yellow solid, 7.5mg. mp 140-143°C 

55 

Examples 4-45 

[01 51] A compound prepared in Example 1-(3) and the corresponding starting material is treated in the same manner 
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as Example 1-(4) or Example 2 to prepare compounds illustrated In the following Table 1. 
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OMe 



Table 1-1 





Example No. 


R 1 


Physical Property, etc. 


20 


4 




mp 98 °C 


25 


5 




mp 112-114 °C 




6 




mp 98 °C 


30 


7 




mp 166-168°C 


35 


8 




mp 210-201°C 


40 


9 


OH 

1 


mp 132-133°C 


45 


10 


r-°y^0H 

N 

I. 


mp 175-176 6 C 




11 




mp 169-170°C 


SO 


12 1 




mp 129°C 
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Table 


1-2 


Example No. 


R 1 


Physical Property etc. 


13 




mp 164-165°C 


1 14 




mp 183-184°C 


15 


N 0 


C L/C* 111 

IR (nujol) : 1622, 3284 cm" 1 
MS (m/z) :537(M+H)* 


16 




Foam 

IR (nujol) :1626, 1675, 
3289 cm" 1 

MS (m/z) :537(M+H) + 


17 




mp 210-201°C 


18 


MeO- 


mp 136-138°C 


19 


Mp.N- 


mn 1?7°C 


20 




mp 98-100°C 


21 


H 


mp 166-168°C 


22 


Me 


mp 121-123 e C 


23* 


(Me) 2 N St ^ N / 
Me 


Powder 

IR (nujol) :1640 cm" 1 
MS (m/z) :544 (M+H) + 


24 


H 


mp 112-114°C 


25 




mp 234-236°C 


26 


HOH 2 CH 2 C s 

N— 

HOH 2 CH 2 C'' 


mp 127-129. 5°C 



*trihydrochloride 
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Table 


1-3 


Example No. 


R» 


Physical Property_etc. 


27" 


s °- 

HO 


Powder 

IR (nujol) :1637 cm" 1 
MS(m/z) :543(M+H)* 


28" 


o 


Powder 

IR (nujol) : 1636 cm" 1 
MS(m/z) :543(M+H) + 


29 




mp 139-140°C 


30 


< 

OH 


mp 140-142°C 


31 


t>- 


mp 191 °C 


32 




mp 176-177 °C 


33 


HN w N- 


mp 155-156°C 




/ — \ 
MeN N— 

\ / 


„ „ -ICC 1 CC Q r* 

mp loo-loo C 


35 


\ / 


mp 176-178°C 


36 


N 


mp 154-157°C 


37 




mp 139-142°C 


38 




mp 128-131°C 



* *dihydrochloride 
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Table 1-4 



Example No. 


R 1 


Physical Property etc. 


39 




mp 153-156°C 


40 


MeN^ 


Powder 

IR (nujol):1645 cm* 1 
MS (m/z) : 557 (M+H) * 


41 




mp 128 °C 


42 




mp 113-115°C 


43 




mp 175-176°C 


44 , 




Foam 

IR (nujol) : 1619, 3304 cm" 1 
MS (m/z) :531 (M+H) + 


45 j 


H 


Foam 

IR (nujol) : 3314, 1619 cm" 1 
MS (m/z) :559 (M+H) + 



Examples 46-63 

[01 52] A compound prepared in Example 1 -(2) and the corresponding starting material is treated in the same manner 
of Example 1-(3) and Example 1-(4) to prepare compounds illustrated in the following Table 2. 




OMe 
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Table 


2-1 


Example No. 


R* 


Physical Property etc. 


46 


^ CI 


rop 120-122°C 


47 


iNri2 


mp 97-99°C 


48 


ix n i vi b 


mp 149-151°C 


49 




Amorphous 

IR (nujol) :1621 cm" 1 
MS(m/z) :560(M+H) + 


50 




mp 124-127°C 


51 


h rr 0Me 

Me 


Amorphous 

IR (nujol) :1621 cm" 1 
MS (m/2) :565(M+H) + 


52 




mp 136-136. 5 6 C 
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Table 


2-2 




Example No. 


R 2 


Physical Property etc. 


5 


53 




mp 91-91. 5°C 


10 


54 


-bjOO 


Oil 

IR (neat) : 3301, 1620 cm -1 
MS(m/z) :537(M+H) + 






OMp 




15 


55 


uivie 


mp 134-135°C 












56 


mp 189-191°C 


20 


o / 




Oil 

IK (neat) :J2eo,16Zl cm 
MS(m/z) :513(M+H)* 


25 


58 




Oil 

IR (neat) : 3301, 1619 cm -1 
MS(m/z) :555(M+H) + 




59 




mp 130-131°C 


30 




h Cr°\ 


mp 14 /— 14 o C 




61 


H jf5 


mp 119-119. 5°C 


35 


62 




mp 121-122°C 


40 


63 


>o0 


mp 153.5-154 e C 



Example 64 

45 

[0153] A mixture of 2-(2-pyridylmethoxy)-5-(3,4,5-trimethoxyphenylcaroony0 

pyrimidine 53mg prepared in Example 47, acetic acid anhydride 8.6mg, pyridine 16mg and methylene chloride 3ml is 
stirred at room temperature for 2 hours. To the reaction mixture is further added acetic acid anhydride 8mg and the 
mixture is stirred for 1 .5 hours. To the reaction mixture are added ethyl acetate, water and an aqueous saturated sodium 
50 hydrogen carbonate solution in order. The organic layer is separated, washed with brine and dried over anhydrous 
sodium sulfate. 

[01 54] After filtration of sodium sulfate, the filtrate is concentrated in vacuo. The residue is purified by being subjected 
to silica gel chromatography (solvent: ethyl acetate -> chloroform: methanol = 20:1) and triturated with diethyl ether to 
give 2-(2-pyridylmethoxy)-5~(3,4 t 54rimethoxy 
55 as colorless crystals, 55mg. mp 1 93. 5- 195. 5° C 
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Example 65 

[0155] To a solution of 2-(2-pyridylmemoxy)-5-(3 t 4,5-trimethoxyphenyl-carbonyl)-4-(3-m 

zy1amino)pyrimidine (prepared in Example 48) 42mg in methylene chloride 3ml are added mesyl chloride 48mg and 
s triethylamine 69mg, for three times at one hour intervals. The reaction mixture is stirred for 1 hour at room temperature. 
Ethyl acetate and an aqueous saturated sodium hydrogen carbonate solution is added thereto. The organic layer is 
separated, washed with brine and dried over anhydrous sodium sulfate. After filtration of sodium sulfate the filtrate is 
concentrated in vacuo and the residue is purified by preparative thin-layer chromatograph (2 plates, solvent: ethyl 
acetate) to give 2-(2-pyridylmethoxy)-5-(3,4,5-trimethoxyphenylcarbonyl)-4-[4-methoxy-3-(N-methylmethansulfo- 
10 nylamino)benzylamino) pyrimidine as a colorless amorphous 20mg. 
IR(Nujol): 1621,1584cm- 1 
MS (m/z): 624 (M+H) + 

Example 66 

15 

[0156] A mixture of 2,4-dichloro-5-(3,4,5-trimethoxyphenylcarbonyl) pyrimidine (prepared in Example 1-(2)) 150mg 
and 3-chloro-4-methoxyphenylmethanol 79.2mg in tetrahydrofuran 3ml are treated with sodium hydride 19.2mg (sus- 
pension in 60% oil) at 0°C for 30 minutes. To the reaction mixture are added 2-pyridyl methanol 47.7mg and sodium 
hydride 17.5mg (suspension in 60% oil) in order at 0°C. After stirring for 30 minutes, an aqueous sodium hydrogen 
20 carbonate solution is added thereto. The mixture is extracted with ethyl acetate and the extract is subjected to prepar- 
ative thin-layer chromatography to give following compounds: 

(A) 2-(3-Chloro-4-methoxybenzy!oxy)-5-(3,4,5-tri^ 40. 1 mg, 

mp 172-173°C. 

25 (B) 2-(2-Pyridylmethoxy)-5-(3,4,5-trimethoxyphenyl carbonyl)-4-(3-chloro-4-methoxybenzyloxy)pyrimidine l 51.9mg, 

mp 108-1 09° C. 

(C) 2,4-Bis(3-chloro-4-methoxybenzyloxy)-5-(3,4,5-trimethoxyphenylcarbonyl)pyrimidine, 85.7mg, mp 138-139°C. 
Example 67 

30 

[0157] 

(1) A mixture of 2-methylthio-4-chloro-5-ethoxycarbonylpyrimidine 1.0g, (3-chloro-4-methoxyphenyl)methylamine 
0.81 g, triethylamine 0.66ml and tetrahydrofuran 12 ml is stirred for 4 hours at room temperature. The reaction 

35 mixture is diluted with an aqueous 10% citric acid solution and the mixture is extracted twice with ethyl acetate. 

The combined organic layer is washed with water and an aqueous saturated sodium chloride solution, dried over 
anhydrous sodium sulfate and concentrated in vacuo. The residue is purified by silica gel chromatography (solvent; 
hexane: ethyl acetate = 5:1) and concentrated in vacuo to give a colorless oil. The oil is left overnight at room 
temperature to give 2-methylthio-5-ethoxycarbonyl-4-(3-chloro-4-methoxybenzylamino)pyrimidine as crystals, 

40 i.58g. mp82-83°C 

(2) To a solution of 2-methylthio-5-ethoxycarbonyl-4-(3-chloro-4-methoxybenzyl ami no) pyrimidine (prepared in 
above (1)) 300mg in chloroform 5ml is added under ice cooling m-chloroperbenzoic acid (80%) 369mg. The mixture 
is stirred at room temperature for 5 hours. Further m-chloroperbenzoic acid (80%) 106mg and chloroform 6ml are 
added thereto and the mixture is stirred at room temperature for 2 hours. 

45 The reaction mixture is diluted with an aqueous saturated sodium hydrogen carbonate solution and the water 

layer is extracted with chloroform. The combined organic layer is washed with water and an aqueous saturated 
sodium chloride solution, dried over anhydrous sodium sulfate and concentrated in vacuo. The residue is separated 
with silica gel chromatography (solvent; hexane: ethyl acetate = 3:1-»3:2) to give 2-methy1sulfonyl-5-ethoxycarb- 
onyl-4- (3-chloro-4-methoxybenzylamino)pyrimidine as a colorless caramel, 133mg. 

50 

IRfCRCycnr 1 : 3333, 1695, 1593, 1572, 1503 
MS(m/z) : 400(M+H)* 

(3) A mixture of 2-hydroxymethylpyridine 32mg and sodium hydride (suspension in 60% oil) 11.8mg in tetrahydro- 
55 furan 2.5ml is stirred at room temperature for 5 minutes. To the mixture is added at room temperature a solution 

of 2-methylsulfonyl-5-ethoxycarbonyl-4-(3-chloro-4-methoxybenzylamino)pyrimidine (prepared in the above (2)) 
11 8mg in tetrahydrofuran 2.5ml, and the mixture is stirred for 30 minutes at room temperature. The reaction mixture 
is diluted with an aqueous 10% citric acid solution and extracted twice with ethyl acetate. The combined organic 
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layer is washed with water and an aqueous saturated sodium chloride solution, dried over anhydrous sodium 
sulfate and concentrated in vacuo. The residue is purified by silica gel chromatography (solvent; chloroform: ethyl 
acetate = 4:1-»1:2) and concentrated in vacuo to give 2-(2-pyridylmethoxy)-5-ethoxycarbonyl-4-(3-chloro-4-meth- 
oxybenzylamino)pyrimidine as a colorless caramel, 106mg. 
5 IR(CRCI 3 )cm-i: 3337, 1685, 1591, 1502, 1451, 1440, 1421 

MS(m/z) : 429(M+H)+ 

Example 68 

10 [0158] 

(1) To a solution of 2-methylthio-5-ethoxycarbonyl-4-(3-chloro-4-methoxybenzylamino)pyrimidine (prepared in Ex- 
ample 67-(1)) 500mg in chloroform 5ml is dropped a solution of m-chloroperbenzoic acid (80%) 323mg in chloro- 
form 4ml over a period of 30 minutes under ice cooling. The mixture is stirred at the same temperature for 1 hour. 

15 The reaction mixture is diluted with an aqueous saturated sodium hydrogen carbonate solution. The chloroform 

layer is separated, washed with water and an aqueous saturated sodium chloride solution, dried over anhydrous 
sodium sulfate and then concentrated in vacuo to give 2-methylsulfinyl-5-ethoxycarbonyl-4-(3-chloro-4-methoxy- 
benzylamino)pyrimidine as a colorless caramel, 545mg. 
IR(neat)cm- 1 : 3333, 1694, 1588, 1574, 1503, 1463, 1440 

20 MS(m/z): 384 (M+H) + 

(2) -i) A mixture of 2-hydroxymethylpyridine 1,46g, sodium hydride (suspension in 60% oil) 0.521 g and tetrahydro- 
furan 20ml is stirred at room temperature for 20 minutes to prepare a suspension. The resulting suspension is 
dropped to a solution of the compound (prepared in the above (1)) 4.90g in tetrahydrofuran 25ml over a period of 
10 minutes under ice cooling and the mixture is stirred at the same temperature for 1 hour. 

25 The reaction mixture is diluted with an aqueous 10% citric acid solution in ice and the solution is extracted 

twice with ethyl acetate. The combined organic layer is washed with a 10% aqueous citric acid solution, water and 
an aqueous saturated sodium chloride solution, dried over anhydrous sodium sulfate and concentrated in vacuo. 
The residue is separated by silica gel chromatography (solvent; chloroform: ethyl acetate = 2:1->3:2, then chloro- 
form: methanol = 10:1) and the first fraction is concentrated in vacuo to give 2-(2-pyridylmethoxy)-5-ethoxycarb- 

30 onyl-4-(3-chloro-4-methoxybenzylamino)pyrimidine as a slightly yellowish caramel (which is the same compound 

prepared in Example 67-(3)), 2.25g. 

(2)-ii) The second fraction separated by the above silica gel chromatography is concentrated in vacuo, and the 
residue is subjected to silica gel chromatography (solvent; chloroform: ethyl acetate = 10:1, chloroform: methanol 
= 10:1) to be divided into the third fraction and the forth fraction. 
35 The third fraction is concentrated in vacuo, and crystallized from isopropyl ether to give 2-(2-pyridylmethoxy)- 

5-(2-pyridylmethoxycarbonyl)-4-(3-chloro-4-methoxybenzylamino)pyrimidine as a colorless crystalline powder, 
234 mg. mp 115-120°C 

(2)-iii) The above forth fraction is concentrated in vacuo to give 2-hydroxy-5-ethoxycarbonyl-4-(3-chloro-4-meth- 
oxybenzylamino)pyrimidine as a colorless crystalline powder, 2.06g. mp 117-122°C 
40 (3) To a mixture of the compound (prepared in the above (2)-i)) 4.48g in ethanol 80ml and water 40ml is added an 

aqueous 2N sodium hydroxide solution 52ml under ice cooling, and the reaction mixture is stirred at room temper- 
ature for 13 hours. The reaction mixture is neutralized under ice cooling with 10% hydrochloric acid and 10% citric 
acid, and concentrated in vacuo. The resulting suspension is diluted with water 100ml and left under ice cooling 
for 30 minutes. The precipitate is collected by filtration and washed with water, isopropyl alcohol, diisopropyl ether 
and n-hexane, and dried in vacuo at 70°C to give 2-(2-pyridylmethoxy)-5-carboxy-4-(3-chloro-4-methoxyben- 
zylamino)pyrimidine as a colorless crystalline powder, 3.84g. mp 201-203°C 

(4) To a solution of the compound (prepared in the above (3)) 51 mg in methylene chloride 5ml is added thionyl 
chloride 10 drops and the mixture is stirred at room temperature for 1 hour, and volatile substances are removed 
by vacuum distillation. The residue is dissolved in methylene chloride 3ml and thereto are added 4-hydroxypype- 
50 ridine 64mg and triethylamine 89 jjj. The mixture is stirred at room temperature for 30 minuets. 

[01 59] The reaction mixture is, diluted with water and the solution is extracted twice with ethyl acetate. The combined 
organic layer is washed with an aqueous saturated sodium hydrogen carbonate solution, water and an aqueous sat- 
urated sodium chloride solution, dried over anhydrous sodium sulfate and then concentrated in vacuo. The residue is 
55 separated by preparative thin-layer chromatography (solvent; chloroform: methanol = 10:1 to give the following three 
compounds: 

(A) 2-(2-Pyridylmemoxy)-5-(4-hydroxypiperidylcarbonyl-4-(3-chloro-4-meth6xybenzylamino)pyrimidine as a color- 
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less amorphous, 27mg. 

IR(neat)cnr 1 : 3334, 1621, 1614, 1583, 1575, 1503, 1442, 1412 
MS(m/z): 484(M+H) + 

(B) 2-(2-Pyridylmethoxy)-5-(4-chlorosulfinyloxypiperidyl carbonyl)-4-(3-chloro-4-methoxybenzylamino)pyrimidine 
s as a colorless amorphous, 18mg. 

IR(nujol)cm" 1 : 3333, 1619, 1582, 1501, 1458, 1411 
MS(m/z) : 466(M+H) + 

(C) 2-(2-Pyridyimethoxy)-5-[4-(4-piperidyloxysulfinyloxyl) piperidylcarbonyi]-4-(3-chloro-4-methoxybenzylamino) 
pyrimidine as a colorless amorphous, 3mg. 

10 MS(m/z): 631(M+H)+ 

Example 69 

[01 60] A mixture of 2-(2-pyridylmethoxy)-5-carboxy-4-(3-chloro-4-methoxybenzylamino) pyrimidine (prepared in Ex- 
15 ample68-(3)) 100mg, 2-hydroxymethylpyrimidine30mg, 1-(3-dimethylaminopropyl)-3-ethylcarbodiimido hydrochloride 
53mg and dimethylaminopyridine 33mg in dimethylformamide 3ml is stirred at room temperature for 2 hours. The 
reaction mixture is poured into water and extracted with ethyl acetate. The organic layer is washed with brine, dried 
over anhydrous sodium sulfate and concentrated in vacuo. The residue is purified with preparative thin-layer chroma- 
tography (solvent; chloroform: methanol = 25:1) and triturated with diethyl ether to give 2-(2-pyridylmethoxy)-5-(2-py- 
20 rimidinylmethoxycarbonyl-4-(3-chloro-4-methoxybenzylamino) pyrimidine 60mg. mp 137-139°C 

Example 70 

[0161] 

25 

(1) A mixture of 2-(2-pyridylmethoxy)-5-carboxy-4-(3-chloro-4-methoxybenzylamino) pyrimidine (prepared in Ex- 
ample 68-(3)) 130mg, methylene chloride 6ml and thionyl chloride 0.10ml is stirred at room temperature for 1 hour. 
The volatile substances are removed in vacuo and further azeotropic separation thereof is carried out in vacuo by 
addition of methylene chloride. The residue is diluted with methylene chloride 3ml. 

30 The suspension is divided in two parts, and one part is diluted with methylene chloride 1 ml and the mixture is 

added to methanol 1ml under ice cooling. The reaction mixture is diluted with an aqueous saturated sodium car- 
bonate solution and extracted twice with ethyl acetate. The combined organic layer is washed with an aqueous 
saturated sodium hydrogen carbonate solution, water and an aqueous saturated sodium chloride solution, dried 
over anhydrous sodium sulfate and concentrated in vacuo. The residue is purified with silica gel chromatography 

35 (solvent; chloroform: ethyl acetate = 2:1— >1:1) and concentrated in vacuo. The resulting residue is triturated with 

isopropyl ether to give 2-(2-pyridylmethoxy)-5-(methoxycarbonyl)-4-(3-chloro-4-methoxybenzylamino) pyrimidine 
as a colorless crystalline powder, 37mg. mp 135-136°C 

(2) On the other hand a mixture of the residual part of the above suspension (other part), methylene chloride 3ml 
and ammonium hydroxide 2ml is stirred under ice cooling for 1 hour. The reaction mixture is diluted with water and 

40 extracted twice with ethyl acetate. The combined organic layer is washed with an aqueous 1 0% sodium hydroxide 

solution, water and an aqueous saturated sodium chloride solution, dried over anhydrous sodium sulfate and then 
concentrated in vacuo. The residue is purified with silica gel chromatography (solvent; chloroform: methanol = 20: 
1-»10:1), concentrated in vacuo, and triturated with isopropyl ether to give 2-(2-pyridylmethoxy)-5-(aminocarbo- 
nyl)-4-(3-chloro-4-methoxybenzylamino) pyrimidine as a colorless crystalline powder, 45mg. mp 208-209°C 

45 

Example 71 

[0162] To a solution of 2-(2-pyridylmethoxy)-5-carboxy-4-(3-chloro-4-methoxybenzylamino) pyrimidine (prepared in 
Example 68-(3)) 100mg in methylene chloride 3.5ml is added at room temperature thionyl chloride 0.02ml, and the 
so mixture is stirred at room temperature for 1 hour. The volatile substances are removed in vacuo and further azeotropic 
separation thereof is carried out in vacuo by addition of methylene chloride. The residue is suspended in methylene 
chloride 8ml. The suspension is added under ice cooling under stirring to a mixture of N-methylmethoxyamine hydro- 
chloride 29mg and an aqueous saturated sodium hydrogen carbonate solution 3ml. The mixture is stirred at room 
temperature for 1 hour. 

55 [01 63] The reaction mixture is diluted with water and extracted twice with ethyl acetate. The combined organic layer 
is washed with an aqueous saturated sodium hydrogen carbonate solution, water and an aqueous saturated sodium 
chloride solution, dried over anhydrous sodium sulfate and then concentrated in vacuo. The residue is purified with 
silica gel chromatography (solvent; ethyl acetate) and concentrated in vacuo to give 2-(2-pyridylmethoxy)-5-(N-me- 
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thyl-N-methoxyamin(xarbonyl)^-(3-ch!oro^-methoxybenzylamino) pyrimidine as a colorless caramel, 81 mg. 
IR(neat)crrr 1 : 3331, 1621, 1581, 1502, 1439, 1410 
MS(m/z): 444 (M+H) + 

Examples 72-75 

[01 64] A compound prepared in Example 68-(3) and the corresponding starting material is treated in the same manner 
as Example 69 and Example 70 to prepare compounds Illustrated in the following Table 3. 






Table 


3 


Example No. 


R 3 


Physical property etc. 


72 




Amorphous 
IR:1688 cm" 1 
MS(m/z) :472 (M+H) + 


73 




mp 100-102°C 


74 


H 


mp 140-142°C 


75 


/ — V 
— N N-CH 3 
\ / 


mp 128-129 6 C 



Example 76 

[0165] A mixture of 2-(2-pyridylmethoxy)-5-(3,4,5-trimethoxyphenylcarbonyl)-4-(3-chIoro-4-methoxybenzylamino) 
pyrimidine (prepared in Example 1-(4)) 10.0mg, methyl chlorocarbonylacetate 24uJ and anhydrous toluene 2ml is re- 
acted for 6 hours at room temperature and for 1 hour at refluxing temperature. The reaction mixture is cooled and 
thereto are added ethyl acetate and water. The organic layer is separated and washed with water, an aqueous saturated 
sodium hydrogen carbonate solution and brine in order, dried over anhydrous sodium sulfate and then subjected to 
silica gel chromatography (solvent; chloroform: ethyl acetate= 1 :1 -» ethyl acetate) to give 2-hydroxy-5-(3,4,5-trimeth- 
oxyphenylcarbonyl)-4-(3-chloro-4-methoxybenzylamino)pyrimidineas a partial crystalline oil, 6.9mg. 
MS(m/z): 458(M-H)" 

Example 77 

[01 66] The compound prepared in Example 68-(1 ) is dissolved in tetrahydrofuran 40ml, and to the solution are added 
a mixture of L-prolinol 1 .50g and triethylamine 1 .60g in tetrahydrofuran 10ml at room temperature. The mixture is stirred 
overnight and is diluted with ethyl acetate. After washing with an aqueous saturated sodium hydrogen carbonate so- 
lution and brine, the organic layer is dried over anhydrous sodium sulfate and the solvent is removed in vacuo. The 
residue is purified with silica gel chromatography (solvent; chloroform) and crystallized from ether-n-hexane to give 
(S)-4-(3-chlorcMl-methoxybenzylamino)^ 4.72g. mp 

88-90°C MS(m/z): 421(M+H) + 
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Example 78 

[0167] 2- Methyl thio-4-(3-nitro-4-methoxy^^ as pale yellow crystals, 3.15g 

(mp 99-100.5°C) is obtained by treating 2-methylthio-4^loro-5-ethoxycarbonylpyrirnidine 2.0g and 3-nitro-4-meth- 
oxybenzylamine 1.72g in the same manner as Example 67-(1). 

Example 79 

[0168] 2-Methylthio-4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonylpyrimidine (prepared in Example 67-(1)) 
2.00g is suspended in dimethyl sulfoxide 10ml, and the suspension is treated with a 10% aqueous sodium hydroxide 
solution 10ml. The reaction mixture is still in suspension even 6 hours later. After addition of dimethyl sulfoxide 5ml 
the mixture is stirred at room temperature over night. The resulting clear reaction solution is acidified with citric acid. 
The excess water (about 50ml) is added thereto and resulting precipitate is filtered, washed with isopropylalcohol and 
then isopropyl ether, and concentrated in vacuo to give 2-methylthio-4-(3-chloro-4-methoxybenzy1amino)-5-carbox- 
ypyrimidine as a pale yellow impalpable powder, 1.864g. mp 238-240°C (decomposition) 

Example 80 

[0169] 2-Methylthio-4-(3-chloro-4-methoxybenzylamino)-5-carboxypyrimidine (prepared in Example 79) 0.500g, 
2-pyridylmethylamine0.1749g, 1 -hydroxybenzotriazole 0.1987g, 1,2-dichloroethane hydrochloride 0.3102g and anhy- 
drous dimethytformamide 5ml are mixed together and stirred at 0°C overnight and triturated with ethyl acetate-isopropyl 
ether to give 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyridylmethyl)carbamoyl]pyrimidine as a color- 
less powder, 0.5966g. mp 143-144.5°C 

Example 81 

[0170] A mixture of 2-methylthio-4-(3-chloro-4-methoxybenzyl amino) -5-carboxypyrimidine (prepared in Example 
79) 0.1 OOg and triethylamine 82uJ in tetrahydrofuran 2.0ml is treated under room temperature with 2,4,6-trichloroben- 
zoyl chloride 51u.l and then dimethylaminopyridine about 1mg is added thereto, followed by stirring for 10 minutes. 
After addition of 2-pyridinernethanol 31jil, the mixture is stirred for 12 hours. Ethyl acetate and water are added thereto 
and the organic layer is separated, washed with sodium hydrogen carbonate solution, brine. The organic layer is dried 
over anhydrous sodium sulfate and in vacuo. The residue is purified with silica gel chromatography (solvent; chloroform: 
ethyl acetate= 5:1-2:1) and recrystallized from ethyl acetate-isopropyl ether to give 2-methylthio-4-(3-chloro-4-meth- 
oxybenzylamino)-5-(2-pyridylmethoxycarbonyl)pyrimidine as a colorless needle, 0.5183g. mp117-118°C 

Example 82 

[0171] 

(1) A solution of 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyridylmethyl)carbamoyl]pyrimidine 
(prepared in Example 80) 150.0mg in chloroform 5.0ml is treated with m-chloroperbenzoic acid (80%) 85.6mg at 
0°C for 30 minites. Piperazine 0.263g is added thereto and the mixture is stirred at room temperature overnight. 
To the reaction mixture is added ethyl acetate and an aqueous saturated sodium hydrogen carbonate solution, 
and the organic layer is separated. The organic layer is washed with an aqueous saturated sodium hydrogen 
carbonate solution, water and a saturated brine, dried over anhydrous sodium sulfate, filtered and then concen- 
trated in vacuo. The residue is purified with silica gel chromatography (solvent; ethyl acetate) to give 2-(1-pyper- 
azinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyridylmethyl)carbamoylJ pyrimidine as a colorless amor- 
phous solid, 128.4mg. MS(m/z): 468 (M+H) + 

(2) The compound prepared in the above (1) is treated with hydrochloric acid in methanol to give a crystalline 
powder, which is triturated with methanol-isopropyl ether to give 2-(1-pyperazinyl)-4-(3-chloro-4-methoxyben- 
zylamino)-5-[N-(2-pyridylmethyl)carbamoyl]pyrimidine hydrochloride as a colorless crystalline solid, 84.2mg. mp 
252-253°C(decomposition) 

Example 83 

[0172] 2- Methylthio-4-(3-chloro-4-methoxybenzylamino)-5-(2-pyridylmethoxycarbonyl] pyrimidine (prepared in Ex- 
ample 81) 0.1500g is treated with m-chloroperbenzoic acid (80%) 78.9mg at 0°C for 15 minutes. Piperazine 0.2398g 
is added thereto. The reaction mixture is treated in the same manner as Example 82-(1). The resulting residue is 
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purified with silica gel chromatography (solvent; ethyl acetate sole - ethyl acetate: methanol = 1:1) and recrystallized 
from ethyl acetate: isopropyl ether ( 1 : 1 ) to give 2-( 1 -pypera2inyl)-4-(3-chloro-4-methoxybenzylamino)-5-(2-pyridytmeth- 
oxycarbonyl)pyrimidine as a colorless powder, 75.1mg. mp 101-103°C 

5 Example 84 

[0173] 

(1) To a suspension of lithium aluminium hydride 4. 15g in tetrahydrofuran 150ml is added a solution of 2-methylthio- 
10 4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonylpyrimidine (prepared in Example 67-(1)) 38.32g in tetrahy- 
drofuran 100ml at 5-10°C under ice cooling over a period of 1 hour. After addition the mixture is stirred for a hour 
without an ice bath. Water 4.15ml is added under ice cooling thereto, followed by addition of 3N aqueous sodium 
hydroxide solution 4.15ml. To the mixture is added water 4.15ml three times and the mixture is stirred at room 
temperature for 1 hour. After treating with magnesium sulfate and filtration, the resulting cake-like substances are 

15 washed with terahydrofuran. The filtrate is concentrated in vacuo and triturated with ethyl acetate-isopropyl ether. 

The resulting crystals are filtered and washed well with isopropyt-ether to give 2-methylthio-4-(3-chloro-4-meth- 

oxybenzylamino)-5-hydroxymethylpyrimidine as a pale yellow crystalline powder. 

The first product; yield 25.10g, mp 162-163°C 

The second product; yield 2.32g, mp 159-160°C 
20 Further the above cake-like substances are again washed with isopropyl ether, and the filtrate is concentrated 

in vacuo to give colorless crystals. The crystals are suspended in isopropyl ether, and filtered. The precipitates 

are washed well isopropyl ether and hexane to give 2-methylthio-4-(3-ch!oro-4-methoxy benzyl ami no)- 5-hy- 

droxymethylpyrimidine as colorless crystals, 4.26g. mp 161-162°C 

(2) To a suspension of 2-methy1thio-4-(3-chloro-4-methoxybenzylamino) -5-hydroxymethylpyrimidine (prepared in 
25 the above (1)) 25.10g in chloroform 150ml is a manganese dioxide powder 37. 6g (one and a half of the starting 

material) and the mixture is vigorously stirred at room temperature for a day. Further the mixture is treated with a 
manganese dioxide powder 12.6g (a half of the starting material) and the mixture is stirred for three nights. The 
insoluble materials are filtered off with Celite and the filtrate is concentrated in vacuo. The residue is suspended 
in ethyl acetate-isopropyl ether. The precipitate is filtered and washed with isopropyl ether and hexane in order, 
30 to give 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-formyipyrimidine as colorless crystals, 22.43g. mp 

124-125°C 

Example 85 

35 [0174] 

(1) To a solution of dimethyl methyl phosphonate (1.92g) in tetrahydrofuran (10ml) is added a 1.6M solution of n- 
butyl lithium in hexane (8.69ml) at -78°C over a period of 10 minutes, and the mixture is stirred at the same tem- 
perature for 30 minutes. A solution of 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-formylpyrimidine (pre- 

40 pared in Example 84-(2)) 1.00g in tetrahydrofuran 10ml is dropped by a syringe at -78°C to the reaction mixture 

to give a yellow suspension. The suspension is stirred for 30 minutes. After removal of a dry ice-acetone bath the 
reaction mixture is stirred for a while and poured into an aqueous saturated sodium hydrogen carbonate solution. 
The mixture is stirred and extracted with ethyl acetate. The organic layer is separated, washed with water and 
brine in order, dried over anhydrous sulfate and concentrated in vacuo to give crude 2-methylthio-4-(3-chloro- 

45 4-methoxybenzylamino)-5-[(1-hydroxy-2-dimethoxyphosphoryl)ethy1]pyrimidine as a colorless foam, 1 .33g. 

(2) A mixture of crude 2-methylthio-4-(3-ch!oro-4-methoxybenzylamino)-5-[(1 -hydroxy- 2-dimethoxyphosphoryl) 
ethyl]pyrimidine (prepared in the above) 1.32g, manganese dioxide 3.96g and chloroform 20ml is vigorously stirred 
at room temperature overnight. The insoluble manganese dioxide is filtered off and the filtrate is concentrated in 
vacuo to give a pale yellow foam. The residue is purified with silica gel chromatography (solvent; ethyl acetate 

so sole - ethyl acetate: methanol = 10:1). The purified fraction is collected and concentrated in vacuo to give a colorless 

foam, 1.1 8g. The compound is crystallized from ethyl acetate-isopropyl ether to give 2-methylthio-4-(3-chloro- 
4-methoxybenzylamino)-5-(dimethoxyphosphorylacetyl)pyrimidine as colorless crystals, 1.14g. mp 104-105°C 

Example 86 

55 

[0175] 

(1) To a 1.6M solution of n-butyl lithium in hexane 2.0ml is dropped a solution of 3-bromopyridine 530mg in diethyl 
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ether 2ml by a syringe in a dry ice-acetone bath. A white solid immediately occurs. The reaction mixture is stirred 
at -78°C for 10 minutes. To the reaction mixture is added by a syringe a solution of 2-methyltio-4-(3-ch1oro-4-meth- 
oxybenzy1amino)-5-formylpyrimidine 208mg in tetrahydrofuran 2ml. The mixture is irradiated with ultrasonic wave 
for several seconds. The reaction mixture is stirred at -78°C for 5 minutes, and an aqueous saturated sodium 

5 hydrogen carbonate solution is added thereto. The mixture is extracted with ethyl acetate and the organic layer is 

washed with water and brine in order, dried over sodium sulfate and concentrated in vacuo to give a yellow oil. 
The crude compound is purified with silica gel chromatography (silica gel 20g ( solvent; ethyl acetate sole - ethyl 
acetate: methanol = 20:1) to give 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-[(hydroxy)(3-pyridyl)methyl] 
pyrimidine as a yellow foam, 155mg. MS(m/z): 403(M+H)+ 

10 (2) A mixture of 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-[(hydroxy)(3-pyridyl)methyllpyrimidine (pre- 

pared in the above) 149mg and manganese dioxide 450mg in chloroform 3ml is stirred at room temperature over- 
night. After removal of insoluble substances by filtration, the filtrate is concentrated in vacuo to give a slightly 
yellowish solid 140mg. The solid is suspended in ethyl acetate-isopropyl ether and filtered. The resulting cake-like 
substances are well washed with hexane to give 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-(3-pyridylcar- 

15 bonyl)pyrimidine as colorless crystals, 127mg. mp 141-142°C. MS(m/z): 401(M+H) + 

Example 87 

[0176] A solution of 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-formylpyrimidine (prepared in Example 
20 84-(2)) 2.057g in chloroform 20ml is treated at 0°C for 30 minutes with m-chloroperbenzoic acid (80%) 1.468g. L-(S) 
-Prolinol 0.901 g and then triethylamine 1.33ml are added thereto. The reaction is carried out at 0°C for 1 hour. The 
reaction mixture is elevated to room temperature, diluted with ethyl acetate, washed with an aqueous sodium hydrogen 
carbonate solution, water and a saturated sodium chloride solution, and dried over anhydrous sodium sulfate. The 
precipitate is filtered off and the filtrate is concentrated in vacuo to give (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chlo- 
25 ro-4-methoxybenzylamino)-5-formylpyrimidine as a colorless amorphous, 1.9990g. MS(m/z): 377 (M+H)+ 

Example 88 

[0177] A solution of 4-(3-chloro-4-methoxybenzylamino)-5-formyl-2-methylthiopyrimidine 0.5g in tetrahydrofuran 
30 20ml is reacted at -78°C with lithium salt of 1-methylimidazole 0.394ml in the same manner as Example 86 to give 
4-(3-chloro-4-methoxybenzylamino)-5-[(hydroxy)(1-methyl-2-imidazolyl)methyl]-2-methylthiopyrimidine. Thus ob- 
tained compound is oxidized at room temperature with manganese dioxide in chloroform and then the oxidized com- 
pound is post-treated in the same manner as Example 86 to give 4-(3-chloro-4-methoxybenzy1amino)-5-(1-methyl- 
2-imidazolylcarbonyl-2-methylthiopyrimidine 0.591 3g. mp 158-159°C 

35 

Example 89 

[0178] A solution of the compound (prepared in Example 88) 124.0mg in chloroform 3.0ml is treated under stirring 
under ice cooling for 15 minutes with 80% m-chloroperbenzoic acid 69.5mg in the same manner as Example 87. To 
40 the mixture are added L-prolinol 60.6uJ and triethylamine 86uJ, and the mixture is stirred under room temperature 
overnight and post-treated in the same manner as Example 87, to give (S)-4-(3-chloro-4-methoxybenzylamino)-2-(2-hy- 
droxymethyl-1-pyrrolidinyl)5-(1-methyl-2-imidazolylcarbonyl)pyrimidine 121.2mg. 
IR(CRCI 3 )cnr 1 : 3291, 1591, 1527, 1456, 1417, 1409, 1269,1063, 805 
MS(m/z): 457(M+H) + 

45 

Example 90 
[0179] 

so (1) To a 1.6 M solution of n-butyl lithium in hexane 19.3ml is dropped over a period of 10 minutes a solution of 

diisopropylamine 3.1g in tetrahydrofuran 80ml in a dry ice-acetone bath and the mixture is stirred for 30 minutes. 
To the mixture is dropped over a period of 2.5 hours a solution of 2,4-dichloropyrimidine 2g in tetrahydrofuran 70ml 
and the mixture is stirred at the same temperature for 1 hour. To the mixture is dropped pyridine-2-aldehyde 2.2g 
in tetrahydrofuran 20ml over a period of 50 minutes, and the mixture is stirred at the same temperature for 1 hour. 

55 The reaction mixture is poured into a 10% aqueous citric acid solution and the organic layer is separated, washed 

with water and brine, dried over sodium sulfate and concentrated in vacuo. The residue is purified with silica gel 
chromatography (solvent; chloroform: methanol = 10:1, hexane: ethyl acetate= 3:2, hexane: ethyl acetate= 2:1) 
to give crude 2,4-dichloro-5-[(hydroxy)(2-pyridyl)methyl]pyrimidine 480mg. 
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(2) A mixture of the crude compound (prepared in the above (1)) 104mg, triethylamine 71mg and 3-chloro-4-meth- 
oxybenzyl amine 44mg in toluene 2ml is stirred for 12 hours at room temperature. The reaction mixture is poured 
into water and extracted with ethyl acetate. The organic layer is washed with brine, dried over anhydrous sodium 
sulfate and concentrated in vacuo. The residue is purified with preparative thin-layer chromatography (solvent; 

5 chloroform: methanol = 22:1) to give 2-chloro-4-(3-chloro-4-methoxybenzyiamino)-5-[(hydroxy)(2-pyridyl)methyl] 

pyrimidineas an amorphous 53mg. MS(m/z): 391 (M+H)* 

(3) A mixture of 2-chloro-4-(3-chloro-4-methoxybenzylamino)-5-[(hydroxy) (2-pyridyl)methyl]pyrimidine (prepared 
in the above (2)) 46mg, manganese dioxide 230mg and chloroform 2.3ml is stirred at room temperature for 3 hours. 
After removal of insoluble substances by filtration, the filtrate is concentrated in vacuo to give 2-chloro-4-(3-chloro- 

10 4-methoxybenzylamino)-5-(2-pyridylcarbonyl)pyrimidine 39mg. mp 117-11 9°C (recrystalization from diethyl ether), 

MS(m/z): 389(M+H) + 

Example 91 

15 [0180] A mixture of 2-chloro-4-(3-chloro-4-methoxybenzylamino)-5-(2-pyridylcarbonyl)pyrimidine (prepared in Ex- 
ample 90-(3)) 110mg, 2-pyridinemethanol 34mg, 10% sodium hydride 12mg and tetrahydrofuran 3ml is stirred at room 
temperature for 5 minutes. The reaction mixture is poured into water and extracted with ethyl acetate. The organic 
layer is washed with brine, dried over anhydrous sodium sulfate and concentrated in vacuo. The residue is purified by 
silica gel chromatography (solvent: ethyl acetate) and triturated with ethyl ether to give 2-(2-pyridylmethoxy)-4-(3-chlo- 

20 ro-4-methoxybenzylamino)-5-(2-pyridylcarbonyl)pyrimidine, 104mg. mp 81-84°C, MS(m/z): 462(M+H) + 

Example 92 

[0181] To a solution of a whole amount of 2-methylsulfinyl-4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonylpy- 
25 rimidine (prepared in Example 68-(1)) in tetrahydrofuran 6ml is dropped 2N aqueous sodium hydroxide solution 1 .32ml 
under ice cooling over a 2 minite period and the reaction mixture is stirred at the same temperature for 30 minutes. 
Further tetrahydrofuran 8ml and N,N-dimethylacetamide 6ml are added thereto and the mixture is stirred under ice 
cooling for 30 minites. Thereto are added water 5ml and N,N-dimethylacetamide 2ml and the mixture is stirred under 
ice cooling for one hour. The reaction mixture is acidified with an aqueous 10% citric acid solution and diluted with 
30 water, extracted twice with ethyl acetate. The combined organic layer is washed with water and an aqueous saturated 
sodium chloride solution, dried over anhydrous sodium sulfate and concentrated in vacuo. The residue is separated 
by silica gel chromatography (silica gel 20g, solvent; chloroform: ethyl acetate = 5: 1-> chloroform: isopropanol= 30:1) 
to give 2-hydroxy-4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbony!pyrimidine as a slightly yellowish crystalline 
powder, 618mg. mp 195-197°C 

35 

Example 93 

[0182] To a solution of 2-methylsulfinyl-4-(3-chloro-4-methoxybenzytamino)-5-ethoxycarbonylpyrimidine (prepared 
in Example 68-(1)) 200mg in tetrahydrofuran 4ml is added under ice cooling potassium tert-butoxide 58mg, and the 
40 reaction mixture is stirred at the same temperature for 1 hour. The reaction mixture is diluted with an aqueous citric 
acid solution, extracted twice with ethyl acetate. The combined organic layer is washed with water and an aqueous 
saturated sodium chloride solution, dried over anhydrous sodium sulfate and concentrated in vacuo. The residue is 
purified by silica gel chromatography (silica gel 10g, solvent; chloroform sole chloroform: methanol 20:1) to give 
the following two fractions. 

45 [0183] The first fraction is concentrated in vacuo to give 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-ethox- 
ycarbonylpyrimidine as a slightly brawn oil, 33mg. 

[0184] The second fraction is concentrated in vacuo to give 2-hydroxy-4-(3-chloro-4-methoxybenzy1amino)-5-ethox- 
ycarbonylpyrimidine as a slightly brawn crystalline powder, 132mg. mp 195-1 97°C 

50 Example 94 

[0185] A mixture of 2-hydroxymethylpyrimidine 1M tetrahydrofuran 0.29ml, sodium hydride(60%) 11mg in tetrahy- 
drofuran 1.5ml is stirred at room temperature for 10 minutes. To the mixture is added 2-methylsulfinyl-4-(3-chloro- 
4-methoxybenzy1amino)-5-ethoxycarbonylpyrimidine (prepared in Example 68-(1)) 100mg in tetrahydrofuran 2ml, and 
55 the mixture is stirred at room temperature for 30 minutes. To the reaction mixture are added water 2ml, ethanol 2m 
and 2N aqueous sodium hydroxide solution 3ml, and the mixture is stirred at room temperature overnight. 
[0186] The reaction mixture is neutralized wish a 10% aqueous citric acid solution, and tetrahydrofuran and ethanol 
are removed in vacuo. The precipitate is collected, washed with water to give a colorless powder. The powder is 
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dissolved in a mixture of 10% aqueous sodium hydroxide solution and ethyl acetate and the water layer is separated 
and washed with ethyl acetate. The water layer is neutralized with 10% hydrochloric acid and a 10% aqueous citric 
acid solution. The resulting precipitate is collected and washed with water to give 2-(2-pyridylmethoxy)-4-(3-chloro- 

4- methoxybenzylamino)-5-carboxypyrimidine as a colorless powder, 28mg. mp 2Q4-206°C 

5 [01 87] On the other hand, the combined organic layer after removal of the water layer from the above reaction mixture, 
is washed with 10% aqueous sodium hydroxide solution, water and an aqueous saturated sodium chloride solution, 
dried over anhydrous sodium sulfate and concentrated in vacuo to give 2-hydroxy-4-(3-chloro-4-methoxybenzylamino)- 

5- ethoxycarbonylpyrimidine as a colorless crystalline powder, 17mg. mp 195-197°C, MS(m/z): 338(M+H) + 

10 Example 95 

[01 88] A mixture of 2-hydroxy-4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonylpyrimidine (prepared in Exam- 
ple 92) 500mg, diethylaniline 2ml and phosphoryl chloride 4ml is stirred at 80°C for 30 minutes and then at 100°C for 
5 hours. After cooling, the reaction solution is poured into water in ice and the mixture is stirred at room temperature 
15 for 30 minutes. The product is extracted with ethyl acetate and the organic layer is washed with water and an aqueous 
saturated sodium chloride solution, dried over anhydrous sodium sulfate and concentrated in vacuo. The residue is 
purified by silica gel chromatography (silica gel 7g, solvent; chloroform) to give 2-chloro-4-(3-chloro-4-methoxyben- 
zylamino)-5-ethoxycarbonylpyrimidine as a slightly yellow crystalline powder, 375mg. mp 114-11 5°C MS(m/z) : 356 
(M+H) + 

20 

Example 96 

[01 89] To a solution of 2-chloro-4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonylpyrimidine (prepared in Exam- 
ple 95) 356mg and 2-hydroxymethylpyridine 109mg in anhydrous tetrahydrofuran 4.5ml is added potassium tert-bu- 

25 toxide 112mg under ice cooling, and the mixture is stirred for 30 minutes. The reaction mixture is diluted with water, 
extracted twice with ethyl acetate. The combined organic layer is washed with water and an aqueous saturated sodium 
chloride solution, dried over anhydrous sodium sulfate and concentrated in vacuo. The residue is purified by silica gel 
chromatography (silica gel 1 0g, solvent; chloroform: ethyl acetate= 5: 1 ->2: 1 ) and concentrated in vacuo to give 2-(2-py- 
ridylmethoxy)-4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonylpyrimidine (the compound prepared in Example 

30 67-(3)) as a colorless caramel, 338mg, which is crystallized on standing at room temperature overnight, mp 90-92°C 

Example 97 

[01 90] A mixture of 2-chloro-4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonylpyrimidine (prepared in Example 
35 95) 285mg, 5,6,7,8-tetrahydroimidazo[1,2-a]pyrazine 197mg, triethylamine 0.22ml and chloroform 3ml is stirred at room 
temperature for 2,5 hours, followed by stirring at 60°C for 2,5 hours. The mixture is diluted with ethyl acetate, and 
washed with water. The water layer is extracted with ethyl acetate, and the organic layer is washed with water and an 
aqueous saturated sodium chloride solution, dried over anhydrous sodium sulfate and concentrated in vacuo. The 
residue is purified with silica gel chromatography (silica gel 1 0g, solvent; chloroform: methanol = 50:1 ) and concentrated 
40 in vacuo and triturated with isopropyl ether to give 2-(5,6,7,8-tetrahydroimidazo[1 ,2-a]pyrazin-7-yl)-4-(3-chloro-4-meth- 
oxybenzylamino)-5-ethoxycarbonylpyrimidine as a colorless crystalline powder, 290mg. mp 179-182°C, MS(m/z): 443 
(M+H) + 

Example 98 

45 

[0191] 2-(5,6,7,8-Tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-methoxybenzytamino)-5-ethoxycarb^ 
midine (prepared in Example 97) 290mg and 2N aqueous sodium hydroxide solution 1 .64ml are suspended in dimethyl 
sulfoxide-water (5ml:1ml) and stirred at room temperature for 1 hour. Tetrahydrofuran 5ml is added thereto and the 
mixture is stirred at room temperature for 13 hours. After removal of tetrahydrofuran in vacuo, the residue is diluted 
so with water and neutralized with a 10% aqueous citric acid solution. The precipitate is collected, washed with water, 
methanol and isopropyl ether to give 2-(5 t 6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-methoxyben- 
zylamino)-5-carboxypyrimidine as a colorless crystalline powder, 187mg. mp 223-226°C(decomposition), MS(m/z): 
413 (M-H)- 

55 Example 99-273 

[0192] The corresponding starting material is treated in the same manner to prepare compounds illustrated in the 
following Table 5. 
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Table 5-1 



Example 
No. 


R l 


R° 


R 3 


Physical property 
etc. 


99 


oa 


CI 


OMe 
-^VoMe 
OMe 


mp 123-124°C 






CI 


OMe 
<( y-OMe 
OMe 


mp 159-162 C 


101 


QCn- 


CI 


-0-CH 2 CH 3 


mp 181.5-183°C 


102 




CN 


OMe 
-O-OMe 
OMe 


mp 226-228 °C 


103 




CI 


OMe 
-Q-OMe 
OMe 


mp 158-160°C 


104 


CO. 


CI 


"N" s -^OH 
H 


mp 158-160°C 


105 




CI 


MeO_OMe 
-Q-OMe 


Foam 

MS (m/z) :511(M+H) + 
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Table 5-2 



Example 
No, 


R 1 


R° 


R* 


Physical DroDertv 
etc. 


106 




CI 


"N'^OH 
H 


Amorphous 

MS(m/z) :469(M+H)* 


107 




CI 


-0-CH,CH 3 


mp 122-125°C 


108 


U M 


CI 




Amorphous 
Mo\ni/ZJ I jD^ (Mtn) 


109 


or°" 


CI 




mp 174-175°C 


110 




CI 


-0-CH 2 CH 3 


mp 129-133°C 


ill 




V_*1N 




ran ?nn-9ni°r 
mp tuu zuj 


112 




CI 


OMe 
-/>-OMe 
OMe 


mp 142-143°C 


113 




CI 


OMe 
-^OMe 
OMe 


mp 122-124°C 


114 


cC OH 


CI 


OMe 


Caramel 

MS(m/z) :542(M+H) + 


115 


HO 

HcJ^ 


CI 


OMe 
-^V-OMe 
OMe 


Amorphous 

MS(m/z) :573(M+H)* 


116 




CI 


-0-^~V- OH 


Amorphous 

MS(m/z) :499(M+H) + 
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Table 5-3 



5 


Example 
No. 


R l 


R° 


R 1 


Physical property 
etc. 




117 


OT 0 ' 


CI 


HN«/~^)-»«OH 


mp 139-140°C 


10 


118 

JL -L U 




ri 


T 

OMe 




15 


119 


HO 


CI 


OMe 
-^3"OMe 
OMe 


Amorphous 

MS(m/z) :573 (M+H)* 




120 




CI 


H 


Amorphous 

MS(m/z) :527 (M+H)* 


20 


121 




CI 




Amorphous 

MS(m/z) : 555 (M+H) + 




122 


<X°" 


CI 




mp 92-94°C 


25 


123 




CN 


MeQjOMe 
-f~~VoMe 


mp 107-108 °C 


30 


124 




CN 


OMe 
-Q-OMe 
OMe 


mp 171 8 C 


35 


125 


ft \\ yv 


CI 


,OMe 
-Q-OMe 
OMe 


mp 130-132 e C 




126 




CI 


,OMe 

-^_>-OMe 
OMe 


mp 122-125 a C 


40 


127 




CI 


HN-^NSOsMe 


mp 202-203 e C i 


45 


128 




CI 


OMe 
-Q-OMe 
OMe 


Amorphous 

MS(m/z) : 510 (M+H) * 


50 


129 


or*' 


CI 


.OMe 
HN-Q-OMe 
OMe 


mp 140-141°C 
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Table 5-4 



Example 
No. 


R l 


R° 


R 3 


Physical property 
etc. 


130 




CI 


°l 3 

N 


mp 118-119°C 


131 




CI 


Mo 

H 


Amorphous 

MS (m/z) :481(M+H) + 


132 




CI 


\==/ 


mp 150-152°C 


| 133* 




CI 


HN-/~^NBoc 


Amorphous 


134 




CI 




mp -?4-75°C 


135 




CI 


N N' x -^OH 


Amorphous 

MS (m/z) :472(M+H) + 


136 




CI 


ro 


mp 160-161°C 


137 




CI 




mp 133-135 C 


138 


1 II W 


CI 


H O 


MsOH salt 
mp 98-103°C 
(decom. ) 


139 




CI 


H 


mp 123-124 °C 


140 




CI 




Amorphous 

MS (m/z) :590(M+H) + 


141 




CI 


vO^cn 

H 


mp 173°C 


142 




CI 




mp 104-109°C 



*Boc= t — butoxycarbonyl 
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Table 5-5 



Example 
No. 


R 1 


R° 


R J 


Physical property 
etc. 


143 




CI 


H K>£oH 


Amorphous 

MS (m/z) :541(M+H) + 


144 




CI 




mp 131-134°C 


145 




CI 




Caramel 

MS (m/z) :565 (M+H) * 


146 


r it 0 


CN 


.OMe 

-^>-0Me 
OMe 


mp 158-161°C 


147 




CI 




mp 109-111°C 


148 




CI 


H 

H OMe 


mp 150-151°C 


149 




CI 


v./ 


mn 164-165°C 


150 


or 


CI 


H ^N r OMe 
OMe 


mp 129-130°C 


151 




CI 


y^Un 


Amorphous 

MS (m/z) :543 (M+H) + 


. 152 


OP°" 


CI 




mp 137-139°C 


153 




CI 


H 


Amorphous 

MS (m/z) : 527 (M+H) + 


154 




CI 




mp 77-79°C 


155 




CI 




mp 166-167°C 
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Table 5-6 



Example 
No. 


R 1 


R° 


R 3 


Physical property 
etc. 


156 


H 

0 


CI 


-0-CH 2 CH 3 


mp 129-132°C 


157 


or*- 


CI 


^O 0H 


Amorphous 

MS (m/z) :497 (M+H) + 


158 




CI 


Me 


mp 81-84°C 


159 




CI 




Oil 

MS (m/z) :515(M+H) + 


160 




CI 


yv OH 0 


mp 102-103°C 


161 


1 IT u 


CI 


H 


Amorphous 

MS (m/z) :513 (M+H + ) 


162 


a 


CI 


-0-CH 2 CH 3 


Amorphous 

MS (m/z) :4S3(M+H + ) 


163 


r T ° 


CI 


H ^ 

'TO 


mp 219-221°C 


164 




CI 


H 


mp 166-167 °C 


165 


Ui 


CI 




mp 192-194 C 


166 




CI 




Amorphous 

MS (m/z) :455(M+H)* 


167 


y-OH 
*-OH 


CN 


OMe 
-Q-OMe 
OMe 


mp 163-164 °C 
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Table 5-7 



Example 


R l 


R° 


R 3 


Physical property 
etc ■ 


168 




CI 




Amorphous 

MS (m/z) : 450 (M+H) * 


169 




CI 


H 


mp 60-65°C 


170 


or* 


CI 




mp 103.5-104°C 


171 




CI 


-0- CH,CH, 


mp 166-169. 5°C 


1 17 

X f & 








Amorphous 

MS (m/z) : 549 (M+H) * 


173 


<^N 


F 


OMe 
OMe 


mp 118-121°C 


174 




CI 


EtN-N 
H 


Amorphous 

MS(ro/z) :494 (M+H)* 


: 175 j 


or°" 


ci. 




mp 116-117°C 


176 


fY o i 


CI 


H /=N 


mp 210-212°C 


177 


H 


CI 


U 


mp 184-184. 5°C 


178 




CI 


Me 


Amorphous 

MS (m/z) : 513 (M+H)* 


179 




CI 


-0-CH 2 CH 3 


mp 132-134 °C 
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Table 5-8 



Example 
No. 


R 1 


R° 


R J 


Physical property • 
etc. 


180 




CI 


H 


Amorphous 

MS (m/z) :526(M+H)* 


181 


or*' 


CI 


H 


Amorphous 

MS,(m/z) :568 (M+Hp 


182 




CI 


H 2 


mp 166-168°C 






V — L 


H Me 


Amorphous 

MS (m/z) :497<M+H) + 


184 




CI 


N 

Me 


Amorphous 

MS (m/z) :514 (M+H)* 


185 




CI 


H 


mp 124-125°C 


186 




CI 


/ \ 

\ A y N NMe 


mp 96 - 98 e C 


187 




CI 




mp 133-136°C 


188 




CI 




Amorphous 

MS (m/z) :454(M+H) + 


189 




CN 


MeO OMe 
-^-OMe 


mp 82-85°C 


190 




CI 


H 


mp 155-156°C 


191 




CI 


H 


Amorphous 

MS (m/z) :473(M+H) + 



58 



EP 1 277 741 A1 



Table 5-9 



Example 
No. 


R l 


R° 


R 5 


Physical property 
etc. 


192 


O 
H 


CI 




mo 220-223°r 


193 




CI 


H _ 

^-N OKI 


Amorphous 

MS(m/z) :538 (M+H) * 


194 




CI 


OH 


mp 146-147°C 


195 




N0 2 




Amorphous 

MS(m/z) : 509 (M+H) * 


196 




CI 


\ ^OMe 
HN — ' 


mp 124-126°C 


197 




CI 


H 


mp 158-159°C 


198 


0 


CI 


-0-CH 2 CH 3 


mp 280-282 °C 


199 


HO-* 


CN 


OMe 
-^Q-OMe 
OMe 


mp 176-177 °C 


200 


I it v 


CI 


\ / — ^ 

HN-N 0 

\ t 


mp 174-175°C 


201 


OH 


CI 


OMe 
-0-OMe 
OMe 


mp 144-147°C 


202 




CI 


— 0-(^NMe 


mp 110-112°C 
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Table 5-10 



Example 
No. 


R 1 


R° 


R 5 


Physical property 
etc. 






CI 


HN— < N~\ 

W ^— NHMe 


Amorphous 

MS(m/z) :554 (M+H)* 


204 


o 

MeN f^) 


CI 


-0-CH 2 CH 3 


mp 217-220°C 


205 




CI 


HN»^)"iiOH 


Amorphous 

MS (m/z) :504 (M+H) + 


£- \J \J 










207 


cC OH 


CN 


MeO OMe 
-Q-OMe 

V — it 


mp 130-132°C 


208 


H 


CI 


-0-CH 2 CH 3 


mp 139-142 C 


on q 


MM 1L isj 
n IN n^^S^- IN 




~U-Ln 2 L.ri3 


mp ^jo-zoy u 


210 




Cl 


H 


Amorphous 

MS (m/z) :497 (M+H)* 


211 


OH H 


Cl 


OMe 
-O-OMe 
OMe 


Powder (HC1) 

MS (m/z) :533<M+H)* 


212 




CN 


OMe 
-^-OMe • 
OMe 


mp 175-176°C 


213 


MeO- 


CH 2 0H 


OMe 
-0-OMe 
OMe 


mp 158-161°C 
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Table 5-11 



Example 
No. 




R° 


R 3 


Physical property 
etc. 


214 


u 

Her 


CI 


OMe 
OMe 


Powder (HC1) 

MS (m/z) :533(M+H)* 


215 




CI 


OH 


Amorphous 

MS(m/z) :489(M+H)* 


216 




CI 


umJ \i|nH 
ni>i^\ / 1 iun 


Amorphous 

MS (m/z) :541(M+H)* 


217 




CI 


-0-CH 2 CH 3 


mp 118-220 e C 


218 




NHCHO 


OMe 
-0-OMe 
OMe 


mp 171-173°C 






CI 


H U 


Amorphous 

MS (m/z) :519(M+H)* 


220 


nu 


CI 


TO 


Powder (HC1) 

MS (m/z) :487(M+H)* 


221 




CI 


O 
II 

\^ p x -OMe 
OMe 


Oil 

MS (m/z) :507 (M+H)* 


222 


0 w 


CI 


HN*^}i|OH 


Amorphous 

MS (m/z) :535(M+H) + 


223 


Mef/~V- 


CI 




mp 146-147 °C 


224 


H 2 NOC 


CI 




Amorphous 

MS (m/z) :496(M+H)* 
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Table 5-12 



Example 
No. 


R 1 


K 


K 


Physical property 
etc. 


225 

C *J 


Me 




h l^i 


mn 217-91 Q°r 


226 


MeN~V- 


CI 


HN-^^-OMe 


mp 162-163°C 


227 




CI 


u OH 


mp 153-155°C 


228 


>?*s^ y\ 

fY^o 


CI 


-NMe 2 


mp 129-130°C 


229 




CN 


OMe 

— L a— OMe 
OMe 


mp 186-188°C 


230 


U Kl 


CI 


\ 

HN-Me 


mp 164-165°C 


231 




CI 


OMe 

/=( 
-Q-OMe 

OMe 


mp 114-119°C 


O *3 O 


N 


CI 


~0-CH 2 CH 3 l 


Amorphous 

MS (m/z) :498 (M+H)* 


233 




CI 


" ^OH 


mp 175-176°C 


234 




CH 2 0-Ac 


vjivie 
-Q-OMe 
OMe 


Amorphous 

MS (m/z) :589 (M+H) + 


235 


Acd^-N N— 
O > — ' 


CI 


HN»^^"ilOH 


Amorphous 

MS (m/z) :575(M+H)* 


236 




CI 


/N^^NMez 


mp 84-86°C 
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Table 5-13 





txampie 
No. 


R 1 


R° 


R 3 


rilySlCaX property 

etc. 


5 


237 


EtO- 


CN 


OMe 
-0-OMe 
OMe 


mp 165°C 


in 
lit 


238 




CI 




mp 132-134°C 




239 




CI 




mp 195-197°C 


15 


240 




CI 


-0-CH 2 CH 3 


mp 105-108°C 


20 


241 


MeO ^ x 


CI 


TO 


Powder (HC1) 
MS(m/z) :575(M+H) 4 




242 


MefsT^N- 
\ t 


CI 


HN»^^«'ilOH 


mp 158-159°C 


25 


243 




CI 


/\/^OH 


mp 162-163°C 




244 


\ / 


CN 


MeO OMe 
— ^_^-OMe 


mp 104-108°C 


30 


245 




CI 


-,/V^OH 
H 


mp 113-117°C 


35 


246 


HO 


CN 


OMe 
OMe 


mp 165-167 °C 


40 


247 


HO 


CN 


MeO OMe 
— ^~^-OMe 


mp 108-110°C 




248 




CI 




mp 119-121°C 


45 


249 


OHCN^N- 
HO 


CI 


iW^^-'«lOH 


Amorphous 



50 



63 



EP 1 277 741 A1 



Table 5-14 



Example 
No. 


R 1 


R° 




Physical property 
etc. 


250 




CI 


HN^^-'iioH 


mp 115-120°C 


251 


0 


CI 


HN"^^-»iiOH 


Amorphous 

MS (m/z) :492 (M+H) * 


252 




CI 


HN— ^ YhEt 


mp 124-126°C 


253 




CI 


H 


Amorphous 

MS (m/z) :472 (M+H) * 


254 


O- 


CI 




mp 135-137 °C 


255 


Ms-N^Vl- 


CI 


HN»^) OH 


mp 158-161°C 


256 


0 


CI 


HN*^^-mioCHO 


Amorphous 

MS (m/z) : 520 (M+H) * 


257 


pro' 


CI 


H 

^Ns^CONH 2 
H 2 


mp 187-188°C 


258 




CI 


-0-CH 2 CH 3 


mp 136.5-137°C 


259 


HO 


CI 


HN^^-'ilOH 


mp 149-151°C 


260 


MeO^/^o^ 


CI 


HN»»^^"iiOH 


mp 170-172°C 


261 


On- 


CI 


OMe 
-Q-OMe 
OMe 


Powder (HC1) 

MS (m/z) : 542 (M+H)* 


262 


.OH 

CJ °' 


CI 


HNi^^'iilOH 


Amorphous 

MS (m/z) : 527 (M+H) + 
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Table 5-15 



5 


Examole 
No. 


R 1 


R° 


R J 


Phvsical DroDertv 
etc. 




263 




CN 


MeO OMe 


mo 164-166°C 


10 


264 




SOMe 


OMe 
~-^~^-OMe 
OMe 


Amorphous 

MS(m/z) : 579 (M+H) + 


15 


26b 


1 MeN^ 


CI 


H OMe 

' H> 0Me 


Amorphous 

MS(m/z) :541 (M+H) * 




266 


Me 2 N- 


CI 


N / V 

HN^Ky-'HOH 


mp 87-89 C 


20 


267 


Me 2 N- 


CI 




mp 162-163°C 




268 




N0 2 




mp 173-176°C 


25 


269 




CI 


Be TJ 


Amorphous 

MS(m/z) : 505 (M+H) * 


30 


270 


O 


CI 


-0-CH 2 CH 3 


mp 165-167°C 




271 


ho^JQL^ 


CI 




Oil 

MS(m/z) :528 (M+H) * 


35 


272 


MeJ^N- 


CI 




mp 112.5-113°C 


40 


273 


MeO- 


CN 


OMe 
-Q-OMe. 
OMe i 


mp 174-175'C 



Example 274-286 

45 [0193] The corresponding starting material is treated in the same manner to prepare compounds illustrated in the 
following Table 6. 
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Table 6-1 


• 




Example 
No, 




R 3 


Physical property 
etc* 


5 


274 


^-?\-OMe 

w 

OMe 


-OEt 


mp 92.5-93.5°C 


10 


275 


OMe 


H nV 


Powder 

MS(m/z) :480 (M+H) * 




276 


— ^~^-QMe 
CI 


H 


Powder 

MS (m/z) :470(M+H) + 


15 


277 




" NH ^CI 


Powder 

MS(m/z) :484 (M+H)* 


20 


278 






rOWUc jl 

MS (m/z) : 460 (M+H) 4 




279 


CI 


N if n 


Powder 

MS(m/z) :454 (M+H) 4 


£3 


280 


>- 

CI 7 


NT] 


Amorphous 

MS (m/z) :512 (M+H) 4 


30 






Table 6-2 






Example 
No. 


! R" 

J 


R 3 


Physical property 
etc. 


35 


281 


N=\ 
,-Q-M. 




Powder 

MS(m/z) :436(M+H) + 




282 


/-^T^OMe 
NH 2 


H n 1 


Powder 

MS (m/z) : 465 (M+H) * 


40 


283 


/ \ ff w " 
NH 2 


By 


Powder 

MS (m/z) :451 (M+H)* 


45 


284 






ruwuci 

MS (m/z) :4 62 (M+H)* 




285 






Powder 

MS (m/z) :475 (M+H)* 


50 


286 


H 




Powder 

MS (m/z) :4 60 (M+H)* 



55 



66 
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Example 287 
[0194] 

5 (1) 98% Formic acid 1.44ml is dropped to acetic anhydride 2.86ml under ice cooling and the mixture is stirred at 

60°C for 1 hour. After ice cooling the reaction mixture is diluted with tetrahydrofuran 15ml, and thereto is added 
under ice cooling a solution of 3-chloro-4-methoxybenzylamine 2.00g in tetrahydrofuran 16ml. The reaction mixture 
is stirred at room temperature for 1 hour. 

Tetrahydrofuran is removed in vacuo at 35°C and the residue is made alkaline with an aqueous saturated 

10 sodium hydrogen carbonate solution. The mixture is extracted twice with ethyl acetate and the combined organic 

layer is washed with water and an aqueous saturated sodium hydrogen carbonate solution, dried over sodium 
sulfate and concentrated in vacuo. The residue is separated with silica gel chromatography (silica gel 30g, solvent; 
chloroform: ethyl acetate =1:1) and concentrated in vacuo to give a compound as a colorless crystalline powder 
2.05g. mp 82-85°C, MS(m/z): 200(M+H) + 

15 (2) To a solution of the compound (prepared in the above (1 )) 2.02g in tetrahydrofuran 38ml is dropped 10M boron- 

methyl sulfide complex(BH 3 'Me 2 S) 4.55ml over a period of 5 minutes under ice cooling. The mixture is stirred on 
an ice bath for 30 minutes and then refluxed for 2 hours. After ice cooling methanol 10ml is dropped thereto and 
the reaction mixture is stirred at room temperature for 30 minutes. To the mixture is added 4.9N hydrochloric acid 
in methanol 20ml and the mixture is refluxed for 30 minutes. The solvent is removed in vacuo and the residue is 

20 diluted with water and the mixture is washed with isopropyl ether-ethyl acetate (1:1) and the organic layer is ex- 

tracted with 10% hydrochloric acid. The combined water layer is washed with isopropyl ether-ethyl acetate (2:1), 
is made alkaline with a 10% aqueous sodium hydroxide solution and the solution is extracted twice with ethyl 
acetate. The combined organic layer is washed with a 10% aqueous sodium hydroxide solution, water, and an 
aqueous saturated sodium chloride solution, dried over sodium sulfate and concentrated in vacuo to give N-me- 

25 thyl-(3-chloro-4-methoxy)benzylamine 1 .62g as a pale brown oil. MS(m/z): 186(M+H) + 

(3) A mixture of 2,4-dichloro-5-(3,4,5-trimethoxyphenylcarbonyl)pyrimidine 120mg, the compound (prepared in the 
above (2)) 68mg, triethylamine 37mg and anhydrous dimethylformamide 3ml is stirred for 1 hour under ice cooling 
and is diluted with a 10% aqueous citric acid solution. The solution is extracted twice with ethyl acetate and the 
combined organic layer is washed with water and an aqueous saturated sodium chloride solution, dried over sodium 

30 sulfate and concentrated in vacuo. The residue is separated with silica gel chromatography (silica gel 1 0g, solvent; 

chloroform: ethyl acetate = 100:1->50:1). 

The first fraction is concentrated in vacuo and crystallized from a mixture of diisopropyl ether and hexane to 

give 4-chloro-5-(3,4,5-trimethoxyphenylrarbonyl)-2-[N-methyl-N-(3-chloro-4-metoxybenzyl)amino]pyrimidine as a 

colorless crystalline powder 30mg. mp 103-104°C, MS(m/z): 492(M+H)+ 
35 The second fraction is concentrated in vacuo to give 2-chloro-5-(3,4,5-trimethoxyphenylcarbonyl)-4-[N-me- 

thyl-N-(3-chIoro-4-methoxybenzyl)amino]pyrimidine as a colorless foam 109mg. MS(m/z): 492(M+H) + 

(4) 2-Chloro-5-(3,4 l 5-trimethoxyphenyicarbonyl)-4-[N-methyl-N-(3-chloro-4-methoxybenzyl)amino]pyrimidine 
(prepared in the above (3)) is treated in the same manner as Example 1 -(4) to give 2-(2-pyridylmethoxy)-5-(3,4,5-tri- 
methoxyphenylcarbonyl)-4-[N-methyl-N-(3-chloro-4-metoxybenzyl)amino]pyrimidine as a colorless crystalline 

40 powder 74mg. mp 154-157°C, MS(m/z): 565 (M+H) + 

Examples 288-290 

[0195] The corresponding starting compounds are treated in the same manner as Example 287 to give the com- 
« pounds listed in the following Table 7. 



50 



55 
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Table 7 



Example 

NO • 




Physical property etc. 


288 




Powder (HC1) 
MS(m/z) :557(M+H) + 


289 


MeU Vl— 


Powder (HC1) 
MS(m/z) :556(M+H)* 


290 


Ha x> 

HO 


Powder (HC1) 
MS(m/z) :561(M+H)* 



Example 291 

[01 96] The following compounds are prepared in the same manner from the corresponding starting compounds. 




mp 169-171°C 
Examples 292-296 

[0197] The following compounds are prepared in the same manner from the corresponding starting compounds. 
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Table 8 



Example 
No. 




R° 


R 3 


Physical property 
etc. 


292 


QT 0 ' 


CI 


VC ncho 


jnp 181-183°C 


293 


Of 0 " 


CI 




Oil 

MS(m/z) :503(M+H) + 


294 




CI 


OMe 


mp 143-145°C 


295 


or 0 " 


CI 




mp 111-113°C 


296 


cC 0H 


CN 


-OEt 


Amorphous 

MS (m/z) :412(M+H) + 



20 

Example 297 
[0198] 

25 (1) To a solution of diisopropylamine (0.78g) in tetrahydrofuran (40ml) is dropped a 1 .6M solution of n-butyl lithium 

in hexane (4.82ml) over a period of 3 minutes under cooling on dry ice in acetone bath. The mixture is stirred on 
the same bath for 30 minutes and thereto is added 2,6-dichloropyrazine 0.50g in tetrahydrofuran 5ml at the same 
temperature over a period of 15 minutes. After stirring for 1 hour, the mixture is poured into dry ice and stirred at 
room temperature for 1 hour. The mixture is diluted with 1 0% hydrochloric acid to be adjusted pH about 2 and 

30 extracted with ethyl acetate. The combined organic layer is extracted with an aqueous saturated sodium hydrogen 

carbonate solution. The water extract is washed with ethyl acetate and made acid with a 1 0% aqueous hydrochloric 
acid solution and extracted with ethyl acetate. The combined organic layer is washed with water and an aqueous 
saturated sodium chloride solution, dried over sodium sulfate and concentrated in vacuo. The residue is triturated 
with chloroform-hexane (1 :1 ) to give 2-carboxy-3,5-dichloropyrazine 234mg as a slightly brownish crystalline pow- 

35 der. mp 139-141°C, MS(m/z): 191(M-H)- 

(2) A mixture of 2-carboxy-3,5-dichloropyrazine (prepared in the above (1)) 226mg, sodium hydrogen carbonate 
118mg , methyl iodide 0.5ml and dimethylformamide 1 .8ml is stirred at room temperature for 14 hours. The mixture 
is diluted with a 10% aqueous citric acid solution and extracted with ethyl acetate. The combined organic layer is 
washed with water and an aqueous saturated sodium chloride solution, dried over sodium sulfate and concentrated 

40 jn vacuo to give 2-methoxycarbonyl-3,5-dichloropyrazine as a pale brown crystalline powder 245mg. mp 60-63°C, 

MS(m/z): 206(M + ) 

(3) A mixture of 2-methoxycarboxy-3,5-dichloropyrazine (prepared in the above (2)) 234mg, 3-chloro-4-methoxy- 
benzylamine 204mg, triethylamine 0.17ml and anhydrous toluene 3ml is stirred for 7 hours at room temperature. 
The reaction mixture is diluted with a 10% aqueous citric acid solution and the solution is extracted with ethyl 

45 acetate. The extract is washed with water and an aqueous saturated sodium chloride solution, dried over sodium 

sulfate and concentrated in vacuo. The residue is purified and separated with silica gel chromatography (silica gel 
5mg, solvent; hexane: chloroform = 1:1) and then the desired fraction is concentrated in vacuo to give 2-methox- 
ycarbonyl-3-(3-chloro-4-methoxybenzylamino)-5-chloropyrazine as a pale yellow crystalline powder 102mg. mp 
149-1 51°C, MS(m/z): 342(M+H) + 

50 

Example 298 



[0199] To a mixture of 2-methoxycarbonyl-3-(3-chloro-4-methoxybenzylamino)-5-chloropyrazine (prepared in the 
above Example 297(3)) 71 mg and 2-hydroxymethylpyridine 25mg in tetrahydrofuran 3ml is added potassium tert- 
butoxide 26mg under ice cooling. The mixture is stirred for 30 minutes at the same temperature and diluted a 10% 
aqueous citric acid solution. The solution is extracted with ethyl acetate and the extract is washed with water and an 
aqueous saturated sodium chloride solution, dried over sodium sulfate and concentrated in vacuo. The residue is 
purified and separated with silica gel chromatography (silica gel 5g, solvent; chloroform: ethyl acetate = 3:1) and crys- 



69 
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tallizedfrom isopropyt ether to give 2-methoxycart>ony1-3-(3-chlor^ 

zine as a pale yellow crystalline powder, 25mg. mp 132-133°C, MS(m/z): 415(M+H)+ 



Example 299 



10 



[0200] A mixture of 2-methoxyrarbonyl-3-(3-chloro-4-methoxybenzylamino)-5-chloropyrazine (prepared in 297-(3)) 
150mg, 2-hydroxymethylpyrrolidine 88.6mg and triethylamine 0.12ml in tetrahydrofuran 5ml is stirred for 4 hours at 
room temperature and heated at 50° C for 2 hours. Then 2-hydroxymethylpyrrolidine 44.3 mg is added thereto and the 
mixture is heated at 50°C for 1 hour. After cooling, water is added thereto and the solution is extracted with ethyl 
acetate. The extract is washed with water and brine, dried over anhydrous sodium sulfate and concentrated in vacuo. 
The resulting yellowish oil is purified with silica gel frash column chromatography (solvent; chloroform: hexane =1:1) 
to give (S)-2-methoxycarbonyl-3-(3-chloro-4-methoxybenz^ as a 

pale yellowish powder, 123mg. MS(m/z): 407(M+H) + 



15 Example 300 

[0201J A compound listed in Table 9 is prepared from a corresponding starting compound in the same manner as 
described above. 

20 



25 



VN Vv AjL cl 




30 



35 



Table 9 



Example No. 




R 3 


Physical property etc. 


300 




-OMe 


Amorphous 

MS(m/z) :429(M+H)* 



Example 301 



[0202] 



40 (1) A mixture of 5-benzoyloxy-2-(3,4,5-trimethoxybenzoyl)benzoic acid 50mg, 14.8M aqueous ammonia 50uJ, 

1-ethyl-3-(3-dimethylaminopropyl)carbodiimido hydrochloride 68mg and 1 -hydroxybenzotriazole 15.9mg is dis- 
solved under ice cooling in N,N-dimethylformamide 2ml and the mixture is stirred overnight at room temperature. 
To the reaction mixture is added water. The mixture is extracted with ethyl acetate and the extract is washed with 
water and dried, followed by removal of the solvent. The residue is purified with silica gel chromatography (solvent: 

45 chloroform: ethyl acetate=1:1) and left to be crystallized. The crystals are triturated with diisopropyl ether-ethyl 

acetate to give 6-benzyloxy-3-hydroxy-3-(3,4,5-trimethoxyphenyl)-2,3-dihydroisoindol-1-one 46.7mg. mp 
187-189°C 

(2) To a suspension of the compound (prepared in the above (1)) 1.065g in dioxane 20ml is added at room tem- 
perature 2M aqueous sodium hydroxide solution 10.11 ml. Thereto is added at room temperature a 9% aqueous 

so sodium hypobromite (NaOBr) solution 12.4ml, and the mixture is stirred overnight. To the mixture is added an 

aqueous sodium hydrogen carbonate solution and the mixture is extracted with ethyl acetate. The extract is 
washed, dried and the solvent is removed. The residue is purified with silica gel chromatography (solvent: hexane: 
ethyl acetate=1:1) and crystallized from diisopropyl ether-ethyl acetate to give 5-benzyloxy-2-(3,4,5 -trimethoxy- 
benzoyl)ani!ine 0.662mg. mp 79-80°C 

55 (3) To a solution of the compound (prepared in the above (2)) 1g in methanol 30ml is added palladium-carbon 

100mg, and the mixture is stirred for 3 hours under hydrogen atmosphere (1 atm.). After removal of catalyst the 
filtrate is concentrated to give 5-hydroxy-2-(3,4,5-trimethoxybenzoyl)aniline 847mg as an amorphous. 
(4) To a mixture of the compound (prepared in the above (3)) 300mg and 2-pycolyl chloride hydrochloride 78mg 
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in N,N-dimethy1formamide 5ml is added under ice cooling 60% sodium hydride 103mg, and the mixture is stirred 
for 1 hour. The reaction mixture is poured into water, extracted with ethyl acetate and the extract is washed with 
water, dried and removed the solvent. The residue is purified with silica gel chromatography (solvent: chloroform: 
methanol = 80:1) to give 5-(2-pyridylmethoxy)-2-(3,4,5-trimethoxybenzoyl)aniline as an amorphous 238mg. 

5 (5) A mixture of the compound (prepared in the above (4)) 1 0Omg, 3-chloro-4-methoxybenzyl chloride 53mg, 60% 

sodium hydride and tetrahydrofuran 4ml is refluxed under heating for 24 hours. After reaction mixture is cooled 
and poured into water, the solution is extracted with ethyl acetate. The extract is washed with brine, dried over 
aquous sodium sulfate and concentrated in vacuo. The residue is purified with silica gel chromatography (solvent; 
chloroform: ethyl acetate = 20:1) and triturated with methanol to give 1-(2-pyridylmethoxy)-3-(3-chloro-4-methoxy- 

10 benzylamino)-4-(3,4,5-trimethoxybenzoyl)benzene 21 mg as yellow crystals, mp 142-144°C, MS(m/z): 549(M+H)+ 

Example 302 
[0203] 

15 

(1) A mixture of 4-chloro-2-nitrobenzoic acid methyl ester 100mg, prolinol 235mg and 1-methyl-2-pyrrolidinone 
3ml is stirred at 100°C for 3 hours. After cooling to room temperature, ethyl acetate and water are added to the 
mixture. The organic layer is washed with water (twice) and brine, and dried over sodium sulfate. After removal of 
the sodium sulfate, the filtrate is concentrated in vacuo, and the residue is purified with preparative thin-layer 

20 chromatography (two plates, solvent; hexane: ethyl acetate=1:1) to give 4-(2-hydroxymethyM-pyrrolidinyl)-2-ni- 

trobenzoic acid methyl ester 20mg as a yellow oil. MS(m/z): 281(M+H) + 

(2) A mixture of 4-chloro-2-nitrobenzoic acid methyl ester 100mg, prolinol 56mg, diisopropylethylamine 90mg and 

1 - methyl-2-pyrroIidinone 3ml is stirred at 100°C for 13 hours. Ethyl acetate and water are added to the mixture, 
and the organic layer is washed with water (twice) and brine, and dried over sodium sulfate. After removal of the 

25 sodium sulfate, the filtrate is concentrated in vacuo, and the residue is purified with column chromatography (silica 

gel 100g, solvent; hexane: ethyl acetate=4: 1->2: 1^1:1->100% ethyl acetate) to give 4-(2-hydroxymethyl-1-pyr- 
ro!idiny1)-2-nitrobenzoic acid methyl ester 1.298g as a pale yellow viscosity oil. MS(m/z): 285(M+H)* 

(3) A mixture of the compound (prepared in the above (1) or (2)) 260mg, 1 0% palladium-carbon 25mg and ethanol 
10ml is subjected to hydrogenation under hydrogen atmosphere at room temperature for 7 hours. After removal 

30 of catalyst by filtration the filtrate is concentrated in vacuo. The residue is purified with column chromatography 

(NH-silica gel 25g, solvent; hexane: ethyl acetate = 1 : 1 — > ethyl acetate) to give 4-(2-hydroxym ethyl- 1 -pyrrol id inyl)- 

2- aminobenzoic acid methyl ester as pale yellow crystals, 185mg. mp 113-115°C, MS(m/z): 251(M+H) + 

(4) To a mixture of the compound (prepared in the above (3)) 50mg, 3-chloro-4-methoxybenzaldehyde 6 1 mg, acetic 
acid 21 mg and 1 ,2-dichloroethane 2ml is added at room temperature triacetoxy sodium hydrogen borate 113mg. 

35 The mixture is stirred for 1 hour and thereto are added ethyl acetate and an aqueous saturated sodium hydrogen 

carbonate solution. The organic layer is washed with water and brine, and dried over sodium sulfate. After removal 
of sodium sulfate by filtration the filtrate is concentrated in vacuo. The residue is purified with preparative thin-layer 
chromatography (2 sheets, solvent; hexane: ethyl acetate=1 : 1 ) to give a red amorphous compound. The compound 
is further purified with preparative thin-layer chromatography (2 sheets, solvent; chloroform: methanol = 20:1) to 

40 give 4-(2-hydroxymethyl-1-pyrrolidinyl)-2-(3-chloro-4-methoxybenzylamino)benzoic acid methyl ester as a red 

powder, 75mg. MS(m/z): 405(M+H) + 

(5) A mixture of the compound (prepared in the above (4)) 459mg, a 10% aqueous sodium hydroxide solution 2ml 
and dimethyl sulfoxide 4ml are stirred at room temperature for 4 days. To the mixture are added ethyl acetate and 
water and then the mixture is neutralized with 1 0% hydrochloric acid. The organic layer is washed with water (three 

<5 times) and brine, and dried over sodium sulfate. After removal of sodium sulfate by filtration the filtrate is concen- 

trated in vacuo. The residue is purified with chromatography (silica gel 40g, solvent; chloroform: methanol = 100: 
3, and then silica gel 40g, solvent; hexane: ethyl acetate =1:1) and the desired fraction is triturated with diethyl 
ether to give 4-(2-hydroxymethyl-1-pyrrolidinyl)-2-(3-chloro-4-methoxybenzylamino)benzoic acid 255mg. mp 
132-134°C (decomposition), MS(m/z): 391(M+H) + 

so (6) A mixture of the compound (prepared in the above (5)) 80mg, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimido 

hydrochloride 59mg, 1-hydroxybenzotriazole 42mg, 2-aminomethylpyrimidine 34mg and dimethylformamide 3ml 
are stirred at room temperature for a day. To the mixture are added 2-aminomethylpirimidine 68mg and the mixture 
is stirred at room temperature for 3 days. Ethyl acetate and an aqueous saturated sodium hydrogen carbonate 
solution are added thereto and the organic layer is washed with water (five times) and brine, and dried over sodium 

55 sulfate. After removal of sodium sulfate by filtration the filtrate is concentrated in vacuo. The residue is purified 

with preparative thin-layer chromatography (2 sheets, solvent; ethyl acetate) to give pale yellow crystals and the 
crystals are triturated with a mixture of ethyl acetate and diethyl ether to give 4-(2-hydroxymethyl-1-pyrrolidinyl)- 
2-(3-chloro-4-methoxybenzylamino)-N-(2-pyrimidinylmethyl)benzamide 37mg. mp 102-1 07°C, MS(m/z): 482 
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(M+H) + 
Example 303 

[0204] A compound listed in the following Table 1 0 is prepared by treating a corresponding starting compound in the 
same manner as Example 302. 




Table 10 



Example No. 


R 3 


Physical property etc. 


303 


H 


Amorphous 
MS(m/z) :503(M+H*) 



Example 304 
[0205] 

(1) A mixture of 4,6-dihydroxynicotinic acid ethyl ester 7.80g and phosphoryl chloride 48ml is stirred for 8 hours 
at 100°C. The excess phosphoryl chloride is removed in vacuo and the residue is poured into ice water. The mixture 
is made basic with sodium carbonate and extracted with ethyl acetate. The extract is washed with water and brine, 
and dried over sodium sulfate. After removal of the sodium sulfate, the filtrate is concentrated in vacuo, and the 
residue is purified with column chromatography (silica gel 100g, solvent; hexane: ethyl acetate=10:1) to give 4, 
6-dichloronicotinic acid ethyl ester 8.50g as colorless crystals, mp 32-32.5°C, MS(m/z): 220(M+H) + 

(2) A mixture of the compound (prepared in the above (1)) 1.02g, 3-chloro-4-methoxybenzyl amine 1.02g, triethyl- 
amine 823mg and acetonitrile 20ml is stirred at room temperature for 1 .5 days and then refluxed for 3 hours. After 
removal of the solvent the residue is diluted with a mixture of ethyl acetate and an aqueous sodium hydrogen 
carbonate solution. The organic layer is washed with an aqueous saturated sodium hydrogen carbonate solution, 
water and brine, and dried over sodium sulfate. After removal of the sodium sulfate, the filtrate is concentrated in 
vacuo, and the residue is purified with column chromatography (silica gel 25g, solvent; hexane: ethyl acetate=4: 
1) and triturated with cooled diethyl ether to give 2-chloro-4-(3-chIoro-4-methoxybenzylamino)nicotinic acid ethyl 
ester 1.17g as colorless crystals, mp 115.5-11 7.5°C, MS(m/z): 355(M+H) + 

(3) A mixture of the compound (prepared in the above (2)) 500mg, a 10% aqueous sodium hydroxide solution 5ml 
and dimethyl sulfoxide 20ml is stirred for 1 5 hours at room temperature. The mixture is acidified (pH about 5) with 
a 10% aqueous hydrochloric acid solution at 0°C. After dropping water thereto, the mixture is stirred at room 
temperature for 1 hour and the precipitate is filtered and the filtrate is washed with water and concentrated in vacuo 
to give 2-chloro-4-(3-chloro-4-methoxybenzylamino)nicotinic acid 441mg. mp 228-230°C, MS(m/z): 325(M-H)- 

(4) A mixture of the compound (prepared in the above (3)) 100mg, 1-ethyl-3-(3-dimethy1aminopropyl)carbodiimide- 
hydrochloride 88mg, 1-hydroxybenzotriazole 62mg, 2-aminomethylpyrimidine 50mg and dimethylformamide 3ml 
is stirred for 1 day at room temperature. To the mixture are added ethyl acetate and an aqueous sodium hydrogen 
carbonate solution, and the organic layer is washed with water (four times) and brine and dried over sodium sulfate. 
After removal of the sodium sulfate, the filtrate is concentrated in vacuo, and the residue is triturated with diethyl 
ether to give 3-(2-pyrimidinylmethylaminocarbonyl)-6-chloro-4-(3-chloro-4-methoxybenzylamino)pyridine 76mg as 
colorless crystals, mp 133.5-136.5°C, MS(m/z): 418(M+H) + 

(5) A mixture of the compound (prepared in the above (4)) 66mg, prolinol 80mg and 1-methyl-2-pyrrolidinone 3ml 
is stirred at 200°C for 4.5 hours. After the mixture is cooled to room temperature, ethyl acetate and an aqueous 
sodium hydrogen carbonate solution are added to the mixture and the organic layer is washed with water (five 
times) and brine, and dried over sodium sulfate. After removal of the sodium sulfate, the filtrate is concentrated in 
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vacuo, and the residue is purified with preparative thin-layer chromatography (3 sheets, solvent; chloroform: meth- 
anol = 10:1) to give 3-(2-pyrimidiny1methylaminocarbonyl)-6-(2-hydro^ 
oxybenzylami no) pyridine 43mg as a pale brown powder. MS(m/z): 483(M+H) + 

5 Examples 305-306 

[0206] Each compound listed in the following Table 11 is prepared by treating a corresponding starting compound 
in the same manner as Example 304. 

10 



15 




Table : 


LI 


Example No. 


R 5 


Physical property etc. 


305 


H 


Amorphous 

MS(m/z) :504 (M+H)* 


306 


H 

^*'>OH 


mp: 179. 5-182. 5°C 



30 

Example 307 
[0207] 

35 (1) To a solution of diisopropylamine 3.76g in tetrahydrofuran 25ml is dropped at -78°C n-butyllithium (23.2ml). 

The mixture is stirred at 0°C for 10 minutes and thereto is added 2,6-dichloropyridine 5.0g in tetrahydrofuran 25ml 
at -78°C over a period of 20 minutes. The mixture is stirred at -78°C for 3 hours. The reaction mixture is poured 
into powdered dry ice and is left at room temperature overnight. After removal of the solvent the residue is dissolved 
in a mixture of ethyl acetate and a 10% aqueous sodium hydroxide solution, and the water layer is separated and 

40 made acid with concentrated hydrochloric acid. The resulting colorless precipitate is filtered and washed with cold 

water to give 2,6-dichloronicotinic acid 4.50g. mp 148-150°C, MS(ESI): 190(M-H)- 

(2) A mixture of the compound (prepared in the above (1)) 500mg, 3-chloro-4-methoxybenzylamine 638mg, po- 
tassium carbonate 817mg, copper bromide 313mg and 1-methyl-2-pyrrolidinone 10ml is stirred at 120°C for 2.5 
hours. After cooling to room temperature thereto are added ethyl acetate and 1 N hydrochloric acid. The organic 

45 layer is separated, washed with water (twice) and brine, and dried over sodium sulfate. After removal of sodium 

sulfate, the filtrate is concentrated in vacuo, and the residue is purified with column chromatography (silica gel 
30g, solvent; chloroform-xshloroforrn: methanol = 70:1) to give 2-(3-chloro-4-methoxybenzy1amino)-6-chloronic- 
otinic acid as colorless crystals, 471mg. mp 184-185.5°C, MS(m/z): 325 (M-H)~ 

(3) A mixture of the compound (prepared in the above (2)) 200mg and ethanol 10ml is saturated with hydrogen 
so chloride gas at 0°C and is refluxed for 14 hours. The mixture is again saturated with hydrogen chloride and is 

refluxed for 4 hours. After removal of the solvent the residue is diluted with a mixture of ethyl acetate and an 
aqueous sodium hydrogen carbonate solution, and the organic layer is purified with column chromatography (silica 
gel 25g, solvent; hexane->hexane:ethyl acetate = 20:1, then silica gel 25g, solvent; chloroform: hexane = 1:1) to 
give 2-(3-chloro-4-methoxybenzylamino)-6-chloronicotinic acid ethyl ester as colorless crystals, 84mg. mp 
55 1 08-112.5°C, MS(nVz): 355(M+H) + 

(4) A mixture of the compound (prepared in the above (2)) 1 50mg, 1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide- 
hydrochloride 132mg, 1 -hydroxy benzotriazole93mg, 2-aminomethyIpyrimidine 75mg and dimethylformamide 3ml 
is stirred for 16 hours at room temperature. To the mixture are added ethyl acetate and an aqueous sodium hy- 
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drogen carbonate solution, and the organic layer is washed with water (three times) and brine and dried over 
sodium sulfate. After removal of the sodium sulfate, the filtrate is concentrated in vacuo, and the residue is purified 
with column chromatography (silica gel 25g, solvent; chloroform: methanoN 50:1) to give 2-(3-chloro-4-methoxy- 
benzylamino) - 6-chloro-3-(2-pyrimidinytmethyt am inocarbony I) pyridine as a pale yellow amorphous, 179mg. MS 
5 (m/2): 418(M+H) + 

(5) A mixture of the compound (prepared in the above (4)) 159mg, prolinol 192mg and 1-methyt-2-pyrrolidinone 
3ml is stirred at 200°C for 2 hours. After the mixture is cooled to room temperature, ethyl acetate and water are 
added to the mixture and the organic layer is separated, washed with water (five times) and brine, and dried over 
sodium sulfate. After removal of the sodium sulfate by filtration, the filtrate is concentrated in vacuo, and the residue 
10 js purified with preparative thin-layer chromatography (2 sheets, solvent; chloroform: methanol 10:1, and then 2 

sheets, solvent; ethyl acetate) to give 2-(3-chloro-4-methoxybenzylamino)-6-(2-hydroxymethyl-1-pyrrolidinyl)- 
3-(2-pyrimidinylmethylamtnocarbonyl)pyridine as a colorless amorphous 119mg. MS(m/z): 483(M+H)+ 

Examples 308-309 

15 

[0208] Each compound listed in the following Table 12 is prepared by treating a corresponding starting compound 
in the same manner as Example 307. 

20 



25 




30 Table 12 



Example No. 




Physical property etc. 


308 




Amorphous 

MS(m/z) :504 (M+H) + 


309 


H 


Amorphous 

MS(m/z) :489(M+H) 4 



40 

Example 310 
[0209] 

45 (1) To a mixture of 3-ketoglutaric acid dimethyl ester 15.0g, triethylamine 9.6g and acetonitrile 300ml is portionwise 

added 4-acetylaminobenzensulfonylazide 20. 7g at 0°C. The mixture is stirred at room temperature for 30 minutes. 
After removal of the precipitate by filtration the filtrate is concentrated in vacuo. The residue is diluted with a mixture 
of hexane and diethyl ether (1:1). The insoluble materials are removed by filtration and the filtrate is concentrated 
in vacuo. The residue is purified with column chromatography (silica gel 225g, solvent; hexane: ethyl acetate= 5: 

so W3:1) to give 2-diazo-3-ketoglutaric acid dimethyl ester as a pale yellow oil, 16.03g. 

(2) A mixture of the compound (prepared in the above (1)) 17.08g, triphenylphosphine 22.4g and diethyl ether 
170ml is stirred at room temperature for 15 hours. The solvent is removed in vacuo and the resulting pale yellow 
solid-like residue is diluted with a mixture of acetic acid 1 70ml and water 17ml, and the mixture is refluxed for 9.5 
hours. The solvent is removed in vacuo and the residue is mixed with silica gel 50g in a mixture of chloroform and 

55 methanol (1:1) and purified with column chromatography (silica gel400g, solvent; chloroform: methanol = 50:1-»5: 

1) and triturated with diethyl ether to give 4,6-dihydroxypyridazine carboxylic acid methyl ester as pale yellow 
crystals, 8.065g. mp 216-218°C(decomposition) 

(3) A mixture of the compound (prepared in the above (2)) 8.06g and phosphoryt chloride 80ml is stirred at 100°C 
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for 4 hours. After removal of the excess phosphoryl chloride, the residue is poured into ice-water and extracted 
with ethyl acetate, washed with water (twice) and brine, and dried over sodium sulfate. After removal of the sodium 
sulfate, the filtrate is concentrated in vacuo, and the residue is purified with column chromatography (silica gel 
200g, solvent; hexane: ethyl acetate = 4:1) to give 3-methoxycaroonyl-4,6-dichloropyridazine as colorless crystals 
5 7.44g. mp 57-59.5°C 

(4) A mixture of the compound (prepared in the above (3)) 150g and 3-chloro-4-methoxybenzylamine 1.37g, tri- 
ethylamine 1.1g and toluene 30ml is stirred at room temperature for 6 hours. Further 3-chloro-4-methoxyben- 
zylamine 250mg is added thereto and the mixture is stirred at room temperature for additional 17 hours. Ethyl 
acetate and an aqueous sodium hydrogen carbonate solution are added thereto and the organic layer is washed 

10 with water and brine, and dried over sodium sulfate. After removal of the sodium sulfate, the filtrate is concentrated 

in vacuo, and the residue is triturated with diethyl ether to give a colorless solid 2.34g. mp159-161°C. The solid is 
purified with silica gel chromatography (silica gel 100g, solvent; chloroform) to give 3-methoxycarbonyl-6-chloro- 
4-(3-chloro-4-methoxybenzylamino)pyridazine 1.89g. mp 162-163°C, MS(m/z): 342(M+H) + 

(5) A mixture of the compound (prepared in the above (4)) 800mg, prolinol 273mg, triethylamine 496mg and 1-me- 
15 thyl-2-pyrrolidinone 10ml is stirred at 50°C for 4 hours, and then at 80°C for 8 hours. After the mixture is cooled 

to room temperature, ethyl acetate and an aqueous sodium hydrogen carbonate solution are added to the mixture, 
and the organic layer is washed with water and brine, and dried over sodium sulfate. After removal of the sodium 
sulfate, the filtrate is concentrated in vacuo, and the residue is purified with column chromatography (silica gel 
50g, solvent; ethyl acetate->ethyl acetate: ethanol = 5:1) to give 3-methoxycarbonyl-6-(2-hydroxym ethyl- 1-pyrro- 
20 lidinyl)-4-(3-chloro-4-methoxybenzyiamino)pyridazine as a colorless powder. MS(m/z): 407(M+H)+ 

(6) A mixture of the compound (prepared in the above (4)) 500mg, a 10% aqueous sodium hydroxide solution 5ml 
and dimethyl sulfoxide 10ml is stirred at room temperature for 4 hours. The mixture is acidified (pH about 5) at 
0°C with cone, hydrochloric acid. Water is added thereto and the precipitate is collected, washed with water and 
dried in vacuo to give 6-chloro-4-(3-chloro-4-methoxybenzylamino)pyridazine-3-carboxylic acid 487mg. mp 

25 155-157°C(decomposition)MS(m/z): 326(M-H)- 

(7) A mixture of the compound (prepared in the above (6)) 1 0Omg, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
hydrochloride 88mg, 1-hydroxybenzotriazole 62mg, 2-aminomethylpyrimidine 50mg and dimethylformamide 3ml 
is stirred for 4 days at room temperature. To the mixture are added ethyl acetate and an aqueous sodium hydrogen 
carbonate solution, and the organic layer is washed with water (four times) and brine and dried over sodium sulfate. 

30 After removal of sodium sulfate, the filtrate is concentrated in vacuo, and the residue is triturated with diethyl ether 

to give 3-(2-pyrimidinylmethylaminocarbonyl)-6-chloro-4-(3-chloro-4-methoxybenzylamino)pyridazine as a color- 
less solid, 105mg. mp 165-180°C(decomposition), 
MS(m/z): 418(M+H) + 

(8) A mixture of the compound (prepared in the above (7)) 94mg, prolinol 113mg and 1-methyl-2-pyrrolidinone 3ml 
35 is stirred at 1 20° C for 6 hours. After the mixture is cooled to room temperature, ethyl acetate and water are added 

to the mixture, and the organic layer is washed with water (five times) and brine, and dried over sodium sulfate. 
After removal of the sodium sulfate, the filtrate is concentrated in vacuo, and the residue is purified with preparative 
thin-layer chromatography (3 sheets, solvent; chloroform: methanol = 10:1) and triturated with diethyl ether to give 
3-(2-pyrimidinylmethylaminocarbonyl)-6-(2-hydroxym 
40 ridazine as colorless crystals, 51 mg. mp 168-170.5°C, MS(m/z): 484(M+H)+ 

Examples 311-312 

[0210] Each compound listed in the following Table 1 3 is prepared by treating a corresponding starting compound 
45 in the same manner as Example 310. 
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Table 13 



Example No. 


R 3 


Physical property etc. 


311 


^OH 


mp: 205-207 o C 
MS(m/z) :490(M+H)* 


312 


H 


Amorphous 

MS(m/2) :505(M+H)* 



Example 313 
15 [0211) 

(1) A mixture of S-methylthic^S-hydroxy-e-ethoxycarbonyM^^-triazine (see Chem. Ber., 2179-2184, 97 (1964)) 
546mg and thionyl chloride 10ml is stirred at 60-70°C for 5 hours. The mixture is concentrated in vacuo, and to 
the residue is added 3-chloro-4-methoxybenzylamine hydrochloride 634mg and dimethylfonnamide 20ml, and 

20 further triethylamine 770mg in dimethylformamide 20ml. After stirring for 3 hours at room temperature, the mixture 

is poured into water and extracted with ethyl acetate. The combined ethyl acetate layer is washed with water and 
brine, concentrated in vacuo. The residue is purified with silica gel chromatography (solvent; chloroform: methanol 
= 50:1) to give S-methylthio-S-JS-chloro^-methoxybenzylaminoJ-e-ethoxycarbonyl-l^^-triazine as a pale yellow 
solid, 769mg. mp 101-105°C MS(m/z): 369(M+H) + 

25 (2) A solution of m-chloroperbenzoic acid (70-75%) 900mg in chloroform 1 0ml is dropped at 5°C to the compound 

(prepared in the above (1)) 1 .261 g in chloroform 20ml. Three hours later thereto are added a solution of L-prolinol 
380mg and triethylamine 400mg in chloroform 10ml. The mixture is stirred for 5 hours at room temperature. The 
chloroform layer is washed with water, an aqueous sodium hydrogen carbonate solution, water and brine in order, 
and dried in vacuo. The residue is purified with neutral silica gel chromatography (solvent; chloroform: methanol 

30 =20:1) to give 3-(2-hydroxymethyl-1 -pyrrol idinyl)-5-(3-chloro-4-methoxybenzylamino)-6-ethoxycarbonyl-1, 2, 4-tri- 

azine as a white powder 719mg. MS(m/z): 422(M+H) + 

(3) A solution of sodium hydroxide 250mg in water 4ml is added to the compound (prepare in the above (2)) 700mg 
in dimethyl sulfoxide 20ml at 10°C. Then the mixture is stirred for 3 hours at room temperature. The mixture is 
neutralized (pH 6-7) with water 50ml and a 10% aqueous citric acid solution and extracted with ethyl acetate. The 

35 ethyl acetate layer is washed with an aqueous sodium chloride solution, dried and distilled to give crude 3-(2-hy- 

droxymethyl-1-pyrrolidinyl)-5-(3-chloro-4-methoxybenzylamino)-6-carboxy-1,2,4-triazine as a pale brown amor- 
phous, 41 6mg. MS(m/z): 392(M+H) + 

(4) To a mixture of the compound (prepared in the above (3)) 150mg, 1-hydroxybenzotriazole 57mg and 2-ami- 
nomethylpyrimidine 65mg in dimethylformamide is added at 100°C l-ethyl-3-(3-dimethylaminopropyl)carbodiimide 

40 - hydrochloride 81 mg. The mixture is stirred at room temperature for 20 hours and poured into water containing 

sodium hydrogen carbonate and extracted with ethyl acetate. The combined ethyl acetate layer is washed with 
water (four times) and brine, dried over sodium sulfate and concentrated in vacuo. The residue is purified with 
silica gel chromatography (solvent; chloroform: methanol = 50:1 -»20:1) and the main fraction is crystallized from 
a mixture of ethyl acetate and hexane to give 3-(2-hydroxymethyl-1-pyrrolidinyl)-5-(3-chloro-4-methoxybenzylami- 

45 no)-6-(2-pyrimidinylmethylaminocarbonyl)-1,2,4-triazine 85mg. mp 170-173°C MS(m/z): 485(M+H) + 

Examples 314-315 

[0212] Each compound listed in the following Table 14 is prepared by treating a corresponding starting compound 
50 in the same manner as Example 313. 



55 




76 




EP 1 277 741 A1 







Table : 


L4 




Example No. 


R 


Physical property etc. 


5 


314 




Powder 

MS(m/z) :491 (M+H) + 


10 


315 


H 

k.0 


Powder 

MS(m/z) :506(M+H)* 



Example 316 
15 [0213] 

(1) 3,5-Dibromopyridine 2.37g is dissolved in methylene chloride 25ml and thereto is added m-chloroperbenzoic 
acid 2.96g at room temperature under stirring. After stirring for 5 hours at room temperature, additional m-chlo- 
roperbenzoic acid 246mg is added thereto and the mixture is stirred. After 15 hours the solvent is removed in 

20 vacuo and the residue is purified by silica gel chromatography (solvent; n-hexane: ethyl acetate = 1:1) to give 

3,5-dibromopyridine N-oxide as colorless crystals, 2.26g. mp 140-142°C 

(2) A mixture of 3,5-dibromopyridine N-oxide (prepared in the above (1)) 2.26g, trimethylsilylcyanide 1.06g and 
dimethylcarbamic acid chloride 1 . 1 5g in methylene chloride 25ml is refluxed under heating for 1 day To the mixture 
are added trimethylsilylcyanide 443mg and dimethylcarbamic acid chloride 480mg, and the mixture is refluxed 

25 under heating for 20 hours. An aqueous sodium hydrogen carbonate solution is added to the reaction mixture 

cooled, and the mixture is extracted with methylene chloride. The combined extract is washed, dried and the solvent 
is removed in vacuo. The residue is purified by silica gel chromatography (solvent; n-hexane: ethyl acetate = 1:1) 
to give 2-cyano-3,5-dibromopyridine 1.38g. mp 109-112°C 

(3) 2-Cyano-3,5-dibromopyridine (prepared in the above (2)) 3.27g is added to a mixture of acetic acid 14ml, 
30 sulfuric acid 1 4ml and water 14ml, and the mixture is refluxed at 1 40°C for 4 hours. The reaction mixture is cooled 

and water is added thereto. The resulting precipitate is filtered and washed with water. The precipitate is dissolved 
in ether, washed and dried. The solvent is removed in vacuo and crystallized from a mixture of ether and hexane 
to give 3,5-dibromopyridine-2-carboxylic acid, mp 170-171°C 

(4) In N-methyl pyrrol i done 6ml are suspended 3,5-dibromopyridine-2-carboxylicacid (prepared in the above (3)) 
35 561mg, 3-chloro-4-methoxybenzylamine 1.71g, copper bromide 315mg and potassium carbonate 9 12mg, and the 

suspension is stirred at 120°C for 17 hours. To the reaction mixture are added 1N hydrochloric acid and ethyl 
acetate, and the precipitate is filtered and washed with water and aqueous ammonia. On the other hand the filtrate, 
ethyl acetate layer is also washed with water and aqueous ammonia. The precipitate previously obtained and the 
ethyl acetate layer are combined and the solvent is removed in vacuo. The residue is purified by NH-silica gel 
40 chromatography (solvent; chloroform: methanol = 50: 1-20:1 ) to give 5-bromo-3- (3-chloro-4-methoxybenzylamino) 

pyridine-2-caboxlic acid as a pale yellow powder, 300mg. 

(5) In N.N-dimethylformamide 3m! are suspended 5-bromo-3-(3-chloro-4-methoxybenzylamino)pyridine-2-cabox- 
lic acid (prepared in the above (4)) 1 02mg, diethylcyanophosphonate 67mg, triethylamine 83mg and 2-aminometh- 
ylpyrimidine 90mg, and the suspension is stirred at room temperature for 7 hours. To the reaction mixture is added 

45 diethylcyanophosphonate 67mg, and the mixture is stirred at room temperature for 4 hours. Further diethylcyan- 

ophosphonate 67mg and 2-aminomethy!pyrimidine 90mg are added thereto and the mixture is stirred at room 
temperature for 1 5 hours. An aqueous sodium hydrogen carbonate solution is added to the reaction mixture, and 
the mixture is extracted with ethyl acetate. The organic layer is washed and dried, and then the solvent is removed 
in vacuo. The residue is purified by silica gel chromatography (solvent; chloroform) and crystallized from ether to 

so give 5-bromo-3-(3-chloro-4-methoxybenzylamino)-2-(2-pyrimidinylmethylaminocarbonyl)pyridine as pale yellow 

crystals 55mg. mp 179-183°C(decomposition) 

(6) In diglyme 2ml are suspended 5-bromo-3-(3-chloro-4-methoxybenzylamino)-2-(2-pyrimidinylmethylaminocarb- 
ony1)pyridine (prepared in the above (5)) 20mg, trisdibenzylidene acetone palladium (0) 22mg, 2,2'-bisdiphenyl- 
phosphino-1,1'-binaphthyl 4mg, cesium carbonate 43mg and L-prolinol 88mg, and the mixture is stirred at 120°C 

55 for 5 hours. An aqueous saturated sodium hydrogen carbonate solution is added to the reaction mixture cooled, 

and the mixture is extracted with ethyl acetate. The combined organic layer is washed, dried and the solvent is 
removed in vacuo. The residue is purified by silica gel preparative thin-layer chromatography (developing solution; 
ethyl acetate) to give (S)-(3-chloro-4-methoxybenzylamino)-5-(2-hydroxymethyl-1-pyrrolidinyl)-2-(2-pyrimidinyl- 
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methylaminocarbonyl)pyridine as a pale brown powder 5.2mg. MS(m/z): 483(M+H) + 
Example 317 

5 [0214] The following compound is obtained from 5-bromo-3-(3-chloro-4-methoxybenzylamino)pyridine-2-caboxlic 
acid in the same manner as Example 316 (5) and (6). 
: 3-(3-Chloro-4-methoxybenzylamino)-5-(2-hydro 
ine. 

MS(m/z): 505 (M+H)+ 

10 

Example 318 
[0215] 

15 (1) A mixture of diisopropylamine 2.54g, a 1.6M solution of n-butyl lithium in hexane 15.7ml and tetrahydrofuran 

100ml is stirred for 30 minutes on a dry ice-acetone bath. Thereto is added 2,4,6-trichloropyrimidine 2.00g in 
tetrahydrofuran 8ml over a period of 30 minutes, followed by further one hour agitation. The reaction mixture is 
poured into dry ice, and the mixture is stirred for a hour at room temperature. The reaction mixture is made acidic 
with 10% hydrochloric acid 20ml, diluted with an aqueous saturated sodium chloride solution and extracted with 

20 ethyl acetate. The organic layer is washed, dried and concentrated in vacuo. The solvent is removed by azeotrope 

with chloroform and the resulting hemisolid is triturated with hexane to give 5-carboxy-2,4,6-trichloropyrimidine as 
a crystalline powder, 1.51g. mp 150-153°C 

(2) To a mixture of 5-carboxy-2 ( 4 f 6-trichloropyrimidine (prepared in the above (1)) 100mg, triethylamine 89mg in 
dimethylformamide 3ml is added at room temperature a 1.0M solution of benzylthiol in tetrahydrofuran 0.44ml, 

25 and the mixture is stirred for 1 hour. The reaction mixture is diluted with a 10% aqueous citric acid solution and 

extracted with ethyl acetate. The organic layer is washed, dried and concentrated in vacuo to give 4-benzylthio- 
5-carboxy-2,6-dichloropyrimidine as a pale yellow oil. 

(3) A mixture of whole amount of 4-benzylthio-5-carboxy-2,6-dichloropyrimidine prepared in the above (2), sodium 
hydrogen carbonate 55mg, methyl iodide 0.2ml, dimethylformamide 3ml and tetrahydrofuran 1ml is stirred at room 

30 temperature for 1 hour. The reaction mixture is diluted with a 10% aqueous citric acid solution and extracted with 

ethyl acetate. The organic layer is washed, dried and concentrated in vacuo. The residue is separated with pre- 
parative thin-layer chromatography (solvent; hexane: ethyl acetate = 1 0: 1 ) to give a mixture of 4-benzylthio-5-meth- 
oxycarbonyl-2,6-dichloropyrimidine and 4,6-dibenzylthio-5-methoxycarbonyl-2-chloropyrimidine as a colorless oil, 
123mg. 

35 (4) A mixture of 4-benzylthio-5-methoxycarbonyl-2,6-dichloropyrimidine and 4,6-dibenzylthio-5-methoxycarbonyl- 

2-chloropyrimidine (prepared in the above (3)) 97mg, 4-hydroxypi peri dine 29mg, triethylamine 29mg and toluene 
2.5mg is stirred at room temperature for 4 hours. Further, 4-hydroxypiperidine 3mg and triethylamine 3mg are 
added thereto, and the mixture is stirred for 30 minutes. The reaction mixture is diluted with a 10% aqueous citric 
acid solution and extracted with ethyl acetate. The organic layer is washed, dried and concentrated in vacuo to 

^o give 4-benzylthio-5-methoxycarbonyl-6- (4-hydroxypiperidine-1-yl) - 2-chloropyrimidine as a colorless caramel, 

120mg. 

(5) A mixture of 4-benzylthio-5-methoxycarbonyl-6-(4-hydroxypiperidine-1-yl)-2-chloropyrimidine (prepared in the 
above (4)) 120mg, 5,6,7,8-tetrahydroimidazo[1,2-a]pyrazine 70mg, triethylamine 57mg and N,N-dimethylaceta- 
mide 3ml is stirred at 10°C for 3 hours. The reaction mixture is diluted with an aqueous citric acid solution and 

45 extracted with ethyl acetate. The water layer is made basic with an aqueous sodium hydrogen carbonate solution 

and extracted with ethyl acetate. The organic layer is washed, dried and concentrated in vacuo to give 4-benzylthio- 

5- methoxycarbonyl-6-(4-hydroxypiperidin-1-yl)-2-(5,6,7,8-tetrahydroimidazo[1 t 2-a]pyrazin-7-yl)pyrimidine as a 
colorless foam, 105mg. 

IR (Neat+CHCI 3 )cm- 1 : 3050-3600, 1695, 1533, 1503, 1433 
so APCI-MS(m/z) : 481(M+H) + 

(6) To a solution of 4-benzylthio-5-methoxycarbonyl-6-(4-hydroxypiperidin-1-yl)-2-(5,6,7,8-tetrahydroimidazo 
[1,2-a]pyrazin-7-yl)pyrimidine (prepared in the above (5)) 93mg in chloroform 2.5ml is dropped a solution of m- 
chloroperbenzoic acid 44mg in chloroform 4ml over a period of 10 minutes on a ice bath, and the mixture is stirred 
for 1 .5 hours. The mixture is diluted with an aqueous sodium hydrogen carbonate solution and extracted with ethyl 

55 acetate. The organic layer is washed, dried and concentrated in vacuo to give 4-benzylsulfinyl-5-methoxycarbonyl- 

6- (4-hydroxypiperidin-1-yl)-2-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)pyrimidine as a slightly yellow foam, 
83mg. 

(7) A mixture of 4-benzylsulfmyl-5-methoxycart>onyt-6-(4-hydroxypiperidin-1-yl)-2-(5,6,7 ( 8-tetrahydroimidazo 
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[1,2-a]pyrazin-7-yi)pyrimidine (prepared in the above (6)) 83mg, 3-chloro-4-methoxybenzy1amine 86mg, triethyl- 
amine 51 mg and N,N-dimethytacetoamide 3ml is stirred at 110°C for 1 hour. The reaction mixture is diluted with 
ice water and extracted with ethyl acetate. The organic layer is washed, dried and concentrated in vacuo. The 
residue is separated with silica gel chromatography (solvent; ethyl acetate-* ethyl acetate: methanol = 15:1—>10: 
5 1) and crystallized from a mixture of methanol, ethyl acetate and isopropyl ether to give 4-(3-chloro-4-methoxy- 

benzylamino)-5-methoxycarbonyl-6-(4-hydroxypip^ 
rimidine as a colorless crystalline powder 43mg. mp 192-194°C 
IR (Nujol)cnr 1 : 3380, 1664, 1572, 1533, 1433 
APCI-MS(m/z): 528 (M+H) + 

10 

Example 319 
[0216] 

*5 (1) A N,N-dimethylformamide solution 6ml of 3-chloro-4-methoxybenzy!amine 1.51g and triethyl amine 2.46g is 

dropped over a period of 25 minutes under ice cooling a solution of 5-carboxy-2,4,6-trichloropyrimidine (prepared 
in Example 318(1)) 2.00g in N,N-dimethylformamide 12ml, and the mixture is further stirred for 90 minutes. The 
reaction mixture is diluted with a 10% aqueous citric acid solution and extracted with ethyl acetate. The combined 
extract is washed with water and an aqueous sodium chloride solution, dried over anhydrous sodium sulfate and 

20 concentrated in vacuo to give 4-(3-chloro-4-methoxybenzylamino)-2,6-dichloropyrimidine-5-carboxylic acid as a 

pale brown crystalline powder 2.92g. mp 144-1 51°C 

(2) To a mixture of 11ml of the carboxylic acid (prepared in the above (1)) 2.92g and sodium hydrogen carbonate 
0.744g in N,N-dimethylformamide is added methyl iodide 1.00ml, and the mixture is stirred at room temperature 
for 16 hours. The reaction mixture is diluted with a 10% aqueous citric acid solution and extracted with ethyl acetate. 

25 The combined extract is washed with water and an aqueous saturated sodium chloride solution, dried over anhy- 

drous sodium sulfate and concentrated in vacuo. The residue is separated with silica gel chromatography (After 
effuluence with solvent (hexane: chloroform = 2:1), solvent; hexane:chloroform:ethyl acetate = 20:10:1) to give 
4-(3-chloro-4-methoxybenzylamino)-5-methoxycarbonyl-2,6-dichloropyrimidine as a colorless crystalline powder 
2.31g. mp119-121°C 

30 |R (Nujol)cnr 1 : 3320, 1689, 1591, 1573, 1507, 1460 

APCI-MS(m/z): 376(M+H) + 

(3) A mixture of 4-(3-chloro-4-methoxybenzylamino)-5-methoxycarbonyl-2,6-dichloropyrimidine (prepared in the 
above (2)) 150mg, a 1.0M solution of benzylthiol in dimethylformamide 0.40ml, triethylarnine 40mg and dimethyl- 
formamide 2.5ml is stirred at room temperature for 2. 5 days. The reaction mixture is diluted with water and extracted 

35 with ethyl acetate. The organic layer is washed, dried and concentrated in vacuo. The residue is separated with 

preparative thin-layer chromatography (solvent; hexane: chloroform: ethyl acetate = 30:30:4) and crystallized from 
isopropyl ether to give 4-(3-chloro-4-methoxybenzylamino)-5-methoxycarbonyl-6-chloro-2-benzylthiopyrimidine 
as a colorless crystalline powder 125mg. mp 89-90°C 

(4) A mixture of 4-(3-chIoro-4-methoxybenzylamino)-5-methoxycarbonyl-6-chloro-2-benzylthiopyrimidine (pre- 
<o pared in the above (3)) 108mg, 5,6,7,8-tetrahydroimidazo[1,2-a]pyrazine 57mg, triethylarnine 47rng and N,N- 

di methyl acetamide 2.5ml is stirred at 60°C for 1 hour. The reaction mixture is diluted with water and extracted with 
ethyl acetate. The organic layer is washed, dried and concentrated in vacuo. The residue is separated with silica 
gel chromatography (solvent; chloroform: methanol = 200:1) to give 4-(3-chloro-4-methoxybenzylamino)-5-meth- 
oxycarbonyl-6-(5 l 6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yi)-2-benzylthiopyrimidine as a colorless foam, 129mg. 
45 |R (Nujol)crrr 1 : 3335, 1665, 1567, 1518, 1503, 1456 

APCI-MS(m/z): 551(M+H) + 

(5) To a chloroform solution 2ml of 4-(3-ch!oro-4-methoxybenzylamino) -5-methoxycarbonyl-6-(5 1 6 > 7,8-tetrahy- 
droimidazo[1,2-a]pyrazin-7-yl)-2-benzylthiopyrimidine (prepared in the above (4)) 104mg is dropped a solution of 
m-chloroperbenzoic acid 43mg in chloroform 3ml over a period of 20 minutes on an ice bath, and the mixture is 

so stirred for 1 hour. The reaction mixture is diluted with an aqueous saturated sodium hydrogen carbonate and 

extracted with ethyl acetate. The organic layer is washed, dried and concentrated in vacuo to give 4-(3-ch1oro- 
4-methoxybenzylamino)-5-methoxycarbonyl-6-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-2-benzylsulfinylp 
rimidine as a slightly yellow caramel. 

(6) A mixture of whole amount of 4-(3-chloro-4-methoxybenzylamino)-5-methoxycarbonyl-6-(5,6,7,8-tetrahydroim- 
55 idazo[1,2-a]pyrazin-7-yl)-2-benzylsulfinylpyrimidine (prepared in the above (5)), 4-hydroxypiperidine 57mg, tri- 
ethylarnine 57mg and N,N-dimethylacetamide 3ml is stirred at 60°C for 1 .5 hours. After cooling the reaction mixture 
is diluted with ice water and extracted with ethyl acetate. The organic layer is washed, dried and concentrated in 
vacuo. The residue is crystallized from a mixture of ethyl acetate and isopropyl ether to give of 4-(3-chloro-4-meth- 
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oxybenzylamino)-5-methoxycart3onyl-6^ 
1-yl)pyrimidine as a colorless crystalline powder 75mg. 
mp 191-194°C 

IR (Nujol)crrv 1 : 3342, 3167, 1648, 1567, 1529, 1462, 1441 
5 APCI-MS(m/z): 528(M+H) + 

Example 320 

[0217] 

10 

(1) To a solution of diisopropylamine 11.93g in tetrahydrofuran 350ml is dropped a 1.6M solution of n-butyl lithium 
in hexane 737ml over a period of 20 minutes on dry ice-acetone bath; and the mixture is stirred for 30 minutes. 
Thereto is added 4,6-dichloro-2-methylthiopyrimidine 10.00g in tetrahydrofuran 50ml over a period of 1 hour on a 
dry ice-acetone bath, followed by further one hour agitation. The reaction mixture is poured into dry ice and the 

15 mixture is stirred for 1.5 hours at room temperature. The reaction mixture is made acidic with 10% hydrochloric 

acid, diluted with water and extracted with ethyl acetate. The organic layer is washed, dried and condensed in 
vacuo. The resulting solid is triturated with hexane to give 4,6-dichloro-5-carboxy-2-methylthiopyrimidine as a 
brown crystalline powder, 10.42g. mp 151-158°C(decomposition) 
IR (Nujol)crrr 1 : 1707, 1547, 1377 

20 ESI-MS(m/z): 237(M-H)- 

(2) To a mixture of 4,6-dichloro-5-carboxy-2-methylthiopyrimidine (prepared in the above (1)) 500mg and triethyl- 
amine 0.58ml in dimethylformamide 3ml is added 3-chloro-4-methoxybenzylamine 359mg in dimethylformamide 
3ml at room temperature over a period of 15 minutes, and the mixture is stirred for 4 hour. The reaction mixture 
is diluted with a 10% aqueous citric acid solution and extracted with ethyl acetate. The organic layer is washed, 

25 dried and concentrated in vacuo to give 4-(3-chloro-4-methoxybenzylamino)-5-carboxy-6-chloro-2-methylthiopy- 

rimidine as a slightly brown powder. 

(3) A mixture of whole amount of 4-(3-chlorp-4-methoxybenzylamino)-5-carboxy-6-chloro-2-methy1thiopyrimidine 
prepared in the above (2), sodium hydrogen carbonate 193mg, methyl iodide 0.20ml and dimethylformamide 4ml 
is stirred at room temperature for 3 hours. Further, methyl iodide 0.13ml is added thereto and the mixture is stirred 

30 for 12 hours. The reaction mixture is diluted a 10% aqueous citric acid solution and extracted with ethyl acetate. 

The organic layer is washed, dried and concentrated in vacuo. The residue is separated with silica gel chroma- 
tography (solvent; hexane: chloroform: ethyl acetate = 20:10:1) to give 4-(3-chloro-4-methoxybenzylamino)- 
5-methoxycarbonyl-6-chloro-2-methylthiopyrimidine as a colorless crystalline powder 441mg. mp 105-108°C 

(4) A mixture of 4-(3-chloro-4-methoxybenzylamino)-5-methoxycarbonyl-6-chloro-2-methylthiopyrimidine (pre- 
35 pared in the above (3)) 100mg, 4-hydroxypiperidine 78mg, triethylamine 0.11ml and N,N-dimethylacetamide 3ml 

is stirred at room temperature for 1 hour. The reaction mixture is diluted a 1 0% aqueous citric acid solution and 
extracted with ethyl acetate. The organic layer is washed, dried and concentrated in vacuo to give 4-(3-chloro- 
4-methoxybenzylamino)-5-methoxycarbonyl-6-(4-hydroxypiperidin-1-yl)-2-methylthiopyrimidine as a colorless 
caramel 132mg. 
40 |R (Neat+CRCycm- 1 : 3345, 1663, 1569, 1519 

APCI-MS(m/z): 453(M+H) + 

(5) A mixture of 4-(3-chloro-4-methoxybenzylamino)-5-methoxycarbonyl-6-(4-hydroxypiperidin-1-yl)-2-methylthi- 
opyrimidine (prepared in the above (4)) 121mg in chloroform 3ml is dropped a solution of m-chloroperbenzoic acid 
54mg in chloroform 4ml on an ice bath over a period of 15 minutes, and the mixture is stirred for 1 hour. The 

45 reaction mixture is diluted with an aqueous sodium hydrogen carbonate solution and extracted with ethyl acetate. 

The organic layer is washed, dried and concentrated in vacuo to give 4-(3-chloro-4-methoxybenzylamino)-5-meth- 
oxycarbonyl-6-(4-hydroxypiperidin-lyl)-2-methylsulfinylpyrimidine as a colorless caramel. 

(6) A mixture of whole amount of 4-(3-chloro-4-methoxybenzylamino)-5-methoxycarbonyl-6-(4-hydroxypiperidin- 
1-yl)-2-methylsulfinylpyrimidine (prepared in the above (5)), 5,6,7,8-tetrahydroimidazo[1,2-a]pyrazine 73mg, tri- 

50 ethylamine 0.083ml and N.N-dimethylacetamide 4ml is stirred at 110°C for 4 hours. After cooling the reaction 

mixture is diluted with a 10% aqueous citric acid solution and washed with ethyl acetate. The organic layer is 
extracted with a 10% aqueous citric acid solution. The water layer is made basic with sodium hydrogen carbonate 
and extracted with ethyl acetate. The ethyl acetate layer is washed, dried and concentrated in vacuo. The residue 
is separated with silica gel chromatography (solvent; chloroform: methanol = 100:1-»50:1), and then crystallized 

55 from a mixture of ethyl acetate, methanol and isopropyl ether to give 4-(3-chloro-4-methoxybenzylamino)-5-meth- 

oxycarbonyl-6-(4-hydroxypiperidin-1-yl)-2-(5,6,7,8-tetrahydroimidazo[1 ,2-a]pyrazin-7-yl)pyrimidine as a colorless 
crystalline powder 20mg. 
mp 179-180°C 
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IR(Nujol)cnv 1 : 3380, 3181, 1664, 1572, 1533, 1463 
APCI-MS(m/z): 528(M+H) + 

Example 321 

5 

[0218] 

(1) A mixture of 4-(3K:h!oro-4-methoxybenzylamino)-5^rboxy-6^h!oro-2-methylthiopyrimidine 500mg and thio- 
nyl chloride 2ml is refluxed for 10 minutes. After reaction thionyt chloride is removed and the solvent is removed 

10 in azeotrope with methylene chloride to give 4-(3-chloro-4-methoxybenzylamino) -5-chloroformyl-6-chloro-2-meth- 

ylthiopyrimidine. 

(2) A mixture of whole amount of 4-(3-chloro-4-methoxybenzylami no) -5-chloroformyt-6-chloro-2-methylthiopyri mi- 
dine (prepared in the above (1)), methylene chloride 15ml and 2-benzyloxyethanol 224mg is refluxed for 30 min- 
utes. After cooling the reaction mixture is diluted with water and neutralized with an aqueous saturated sodium 

15 hydrogen carbonate solution. The solution is washed with ethyl acetate. The methylene chloride layer is diluted 

with ethyl acetate, washed, dried and concentrated in vacuo. The residue is separated with silica gel chromatog- 
raphy (solvent; hexane: ethyl acetate = 5:1) to give 4-(3-chIoro-4-methoxybenzylamino)-5-(2-benzyloxyethoxycar- 
bonyl)-6-chloro-2-methylthiopyrimidine as a colorless oil 655mg. 
IR (Neat)cm- 1 : 3340, 1731, 1674, 1567, 1555, 1503 

20 APCI-MS(m/z): 508(M+H)+ 

(3) A mixture of 4-(3-chloro-4-methoxybenzylamino)-5-(2-benzyloxyethoxycarbonyl)-6-chloro-2-methylthiopyrimi- 
dine (prepared in the above (2)) 636mg, 4-hydroxypiperidine 190mg, triethylamine 0.26ml and dimethylformamide 
4ml is stirred at room temperature for 30 minutes. The reaction mixture is diluted a 10% aqueous citric acid solution 
and extracted with ethyl acetate. The organic layer is washed, dried and concentrated in vacuo to give 4-(3-chloro- 

25 4-methoxybenzylamino)-5-(2-benzyloxyethoxycarbonyl-6-(4-hydroxypiperidin-1-yl)-2-methylthiopyrimidine as a 

colorless caramel, 713mg. 
IR (Neat+CRCI 3 )cnr 1 : 3351, 1661, 1568, 1519 
APCI-MS(m/z): 573(M+H) + 

(4) To a solution of 4-(3-chloro-4-methoxybenzylamino)-5-(2-benzyloxyethoxycarbonyl)-6-(4-hydroxypiperidin- 
30 1-yl)-2-methylthiopyrimidine (prepared in the above (3)) 100mg in methylene chloride 3ml is added at room tem- 
perature a solution of m-chloroperbenzoic acid 79mg in methylene chloride 2ml, and the mixture is stirred for 30 
minutes. The reaction mixture is diluted with an aqueous sodium hydrogen carbonate solution and extracted with 
ethyl acetate. The organic layer is washed, dried and concentrated in vacuo to give 4-(3-chloro-4-methoxyben- 
zylamino)-5-(2-benzyloxyethoxycarbonyl)-6-(4-hydroxypiperidin-1-yl)-2-methylsulfinylpyrimidine. 

35 (5) a mixture of whole amount of 4-(3-chloro-4-methoxybenzylamino)-5-(2-benzyloxyethoxycarbonyl)-6-(4-hydrox- 

ypiperidin-1-yl)-2-methylsulfinylpyrimidine (prepared in the above (4)), L-prolinol 53mg, triethylamine 53mg and 
dimethylformamide 4ml is stirred at room temperature for 1 .5 hours and then at 65°C for 3.5 hours. After cooling 
the reaction mixture is diluted with water and extracted with ethyl acetate. The ethyl acetate layer is washed, dried 
and concentrated in vacuo. The residue is separated with silica gel chromatography (solvent; chloroform: ethyl 

40 acetate = 1:2) to give 4-(3-chloro-4-methoxybenzylamino)-5-(2-benzyloxyethoxycarbonyl)-6-(4-hydroxypiperidin- 

1-yl)-2-(2-hydroxymethyl-1-pyrrolidinyl)pyrimidine as a colorless caramel 96mg. 
IR (Neat+CHCI 3 )cnr 1 : 3345, 1650, 1573, 1528, 1501, 1454 
APCI-MS(m/z): 626(M+H) + 

(6) A mixture of 4-(3-chloro-4-methoxybenzylamino)-5-(2-benzyloxyethoxycarbonyl)-6-(4-hydroxypiperidin-1-yl)- 
45 2-(2-hydroxymethyl-1-ptrrolidinyl)pyrimidine (prepared in the above (5)) 60mg, 28% sodium methoxide/methanol 

185mg and tetrahydrofuran 2.5ml is stirred at 60°C for 2.5 hours. After cooling the reaction mixture Is diluted with 

a 1 0% aqueous citric acid solution and neutralized with an aqueous saturated sodium hydrogen carbonate solution. 

The solution is extracted with ethyl acetate. The ethyl acetate layer is washed, dried and concentrated in vacuo. 

The residue is separated with preparative thin-layer silica gel chromatography (solvent; ethyl acetate) to give 
50 4-(3-chloro-4-methoxybenzylamino)-5-methoxycarbonyl-6-(4-hydroxypiperidin-1-yl)-2-(2-hydroxymethyl-1-pyrro- 

lidinyl)pyrimidine as a colorless caramel 36mg. 

IR(Nujol)cm- 1 : 3332, 1654, 1575, 1527, 1501, 1459 

APCI-MS(m/z): 506(M+H) + 

55 
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Example 322 
[0219] 

(1) To a solution of S-caitooxy^.e-trichloropyrimidine 10.0g in dimethylformamide 45ml is added a suspension 
of 3-chloro-4-methoxybenzy1 amine 4.82g and triethylamine 6.98ml in dimethylformamide 40ml over a period of 20 
minutes on ice bath, and the mixture is stirred for 1 hour. The reaction mixture is diluted with a 10% aqueous citric 
acid solution and extracted with ethyl acetate. The organic layer is washed, dried and concentrated in vacuo to 
give 4-(3-chloro-4-methoxybenzylamino)-5-carboxy-2,6-dichloropyrimidine as a pale brown solid, 17.59g. 
mp150-151°C 

(2) A mixture of 4-(3-chloro-4-methoxybenzylamino)-5-carboxy-2,6-dichloropyrimidine (prepared in the above (1)) 
17.55g, sodium hydrogen carbonate 4.07g, methyl iodide 5.48ml and dimethylformamide 50ml is stirred overnight 
at room temperature. The reaction mixture is diluted an aqueous saturated sodium hydrogen carbonate solution 
and extracted with ethyl acetate. The organic layer is washed, dried and concentrated in vacuo to give a pale 
yellow solid. The solid is suspended in a mixture of methylene chloride, isopropyl ether and hexane, and filtered. 
The precipitate is washed with a mixture of isopropyl ether and hexane to give 4-(3-chloro-4-methoxybenzylamino)- 

5- methoxycarbonyl-2,6-dichloropyrimidine as a colorless crystalline powder 8.64g. mp 118-119°C 

(3) To a solution of 4-(3-chloro-4-methoxybenzylamino)-5-methoxycarbonyl-2,6-dichloropyrimidine (prepared in 
the above (2)) 1.01g in dimethylformamide 10ml are added 4-hydroxypiperidine 338mg and triethylamine 411mg 
at room temperature, and the mixture is stirred for 15 minutes. The reaction mixture is diluted with water and 
extracted with ethyl acetate. The organic layer is washed, dried and concentrated in vacuo to give a slightly yellow 
oil. The oil is separated with silica gel chromatography (solvent; chloroform: ethyl acetate = 8:1^5:1), and further 
separated with silica gel chromatography (solvent; hexane: ethyl acetate = 1 :1 ) to give 4-(3-chloro-4-methoxyben- 
zylamino)-5-methoxycarbonyl-6-chloro-2-(4-hydroxypiperidin-1-yl)pyrimidine as colorless crystals 540mg (mp 
138-139°C) and 4-(3-chlorc^4-methoxybenzylamino)-5-methoxyc^rbonyl-6-(4-hydroxypiperidin-1-yl)-2-chloropy- 
rimidine as a colorless foam, 617rng. 

(4) To a solution of 4-(3-chloro-4-methoxybenzylamino)«5-methoxycarbonyl-6-chIoro-2-(4-hydroxypiperidin-1-yl) 
pyrimidine (prepared in the above (3)) 56mg in N,N-dimethylacetamide 0.5ml are added a solution of 5,6,7, 8-tet- 
rahydroimidazo[1 ,2-a]pyrazine 31mg in N,N-dimethylacetamide 0.5ml and triethylamine 27u.l at room temperature, 
and the mixture is stirred at 80-90°C for 5 hours. The reaction mixture is diluted with an aqueous citric acid solution, 
made basic with an aqueous sodium hydrogen carbonate solution and extracted with ethyl acetate. The organic 
layer is washed, dried and concentrated in vacuo to give 4-(3-chloro-4-methoxybenzylamino)-5-methoxycarbonyl- 

6- (5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-2-(4-hydroxypiperidin-1-yl)pyrimidine as a pale yellow powder, 
66mg. 

mp 191-194°C 

IR(Nujol)crrr 1 : 3342, 3167, 1648, 1567, 1529, 1462, 1441 
APCI-MS(nVz) : 528(M+H) + 

Example 323 

[0220] 

(1) 4-(3-Chloro-4-methoxybenzylamino)-5-methoxycarbonyl-6-chloro-2-(4-methylpiperazin-1-yl)pyrimidine is ob- 
tained as a yellow crystalline powder by reacting 4-(3-chloro-4-methoxybenzylamino)-5-methoxycarbony1- 
2,6-dichloropyrimidine and N-methylpiperazine in the same manner as Example 322 (3). 

IR (Nujol)cnr 1 : 3314, 1659, 1585, 1539, 1241 
APCI-MS(m/z): 440(M+H) + 

(2) 4-(3-Chloro-4-methoxybenzylamino)-5-methoxycarbonyl-6-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)- 
2-(4-methylpiperazin-1-yl)pyrimidine is obtained by reacting 4-(3-chloro-4-methoxybenzylamino)-5-methoxycarb- 
onyl-6-chloro-2-(4-methylpiperazin-1-yl)pyrimidine (prepared in the above (1)) and 5,6,7,8-tetrahydroimidazo 
[1,2-a]pyrazine in the same manner as Example 463(4). 

[0221] The above compound is made into its hydrochloride in the conventional manner. 
IR (Nujol)cm" 1 : 3386, 1668, 1623, 1461, 1377 
APCI-MS(m/z): 527(M+H) + 
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Example 324 

[0222] To a solution of 6,7-dihydro-5-pyrrolo[3,4-b]pyridine 77mg in N,N-dimethy!actamlde 2ml are added 4-(3-chlo- 
ro^-methoxybenzylamino)-5-methoxycarbon (prepared in Example 

5 322 (3)) 105mg and triethylamine 75mg t and the mixture is stirred at room temperature for 1 hour, at 80-90°C for 3 
hours and then at 100-110°C for 2 hours. The reaction mixture is diluted with water and extracted with ethyl acetate. 
The ethyl acetate layer is washed, dried and concentrated in vacuo to give a dark brown oil. The oil is separated with 
silica gel chromatography (solvent; chloroform: ethyl acetate = 1:1->ethyl acetate) to give 4-(3-chloro-4-methoxyben- 
zy1amino)-5-methoxycarbonyt-6-(4-hydro as a 

10 slightly brown solid, 76mg. mp 165-172°C (decomposition) 

Example 325 
[0223] 

75 

( 1 ) 4-(3-Chloro-4-methoxybenzylamino)-5-methoxycarbonyl-6-(4-hydroxypiperidin-1 -yl)-2-(2-pyridylmethoxy)py- 
rimidine is obtained as a foam by reacting 4-(3-chloro-4-methoxybenzylamino)-5-methoxycarbonyl-6-(4-hydroxyp- 
iperidin-1-y1)-2-chloropyrimidine and 2-(hydroxymethyl)pyridine in the same manner as Example 324. 
IR(Neat+CHCI 3 )cm- 1 : 3344, 1663, 1582, 1537, 1501, 1440, 1410, 1345, 1260 
20 APCI-MS(m/z) : 514(M+H) + 

Example 326 

[0224] 

25 

(1) To a solution of 4-(2-hydroxyethyl) phenol 9.50g in acetic acid 60ml is dropped bromine 3.54ml over a period 
of 10 minutes on a water bath, and the mixture is stirred for 15 minutes. The reaction mixture is diluted with water 
and extracted with ethyl acetate. The ethyl acetate layer is washed, dried and concentrated in vacuo. The residue 
is dissolved in methanol 120ml and thereto is added potassium carbonate 25g. The mixture is stirred at room 

30 temperature for 5 hours, and then diluted with water and with ethyl acetate. The solution is acidified with concen- 

trated sulfuric acid. The organic layer is extracted with ethyl acetate, washed, dried and concentrated in vacuo. 
The residue is crystallized from chloroform to give 2-bromo-4-(2-hydroxyethyl)phenol as a slightly brown crystalline 
powder 9.37g. mp 83-85°C 

Furthermore, a mother liquid is concentrated in vacuo and separated with silica gel chromatography (solvent; 

35 chloroform: ethyl acetate = 10:1 -»5: 1 ), to give 2-bromo-4-(2-hydroxyethyl)phenol as a colorless crystalline powder 

2.72g. mp85-86°C 

(2) To a solution of 2-bromo-4-(2-hydroxyethyl)phenol (prepared in the above (1 )) 1 1 .79g in N,N-dimethylacetamide 
155ml are added 28% sodium methoxide/methanol 9.43g and merryfieid resin (chloro methylated stylene-divinyl- 
benzene copolymer) 15.28g at room temperature, and the mixture is stirred for 18 hours at 80°C. After cooling the 

40 resin is filtered, washed and dried to give 2-bromo-4-(2-hydroxyethy!)phenoxymethyl resin 21 .50g. 

(3) A mixture of 4-(3-chloro-4-methoxybenzylamino)-5-carboxy-6-chloro-2-methylthiopyrimidine 10.50g and thio- 
nyl chloride 25ml is stirred for 20 minutes at 75°C. After reaction thionyl chloride is distilled off and the solvent is 
removed by azeotrope with methylene chloride to give 4-(3-chloro-4-methoxybenzylamino)-5-chloroformyl-6-chlo- 
ro-2-methylthiopyrimidine. 

45 (4) To a mixture of 2-bromo-4-(2-hydroxyethyl)phenoxymethyl resin (prepared in the above (2)) 8.84g and phe- 

nyldimethylamine (6.23ml) in methylene chloride 70ml is added a solution of a whole amount of 4-(3-chloro-4-meth- 
oxybenzylamino) -5-chloroformyl-6-chloro-2-methylthiopyrimidine (prepared in the above (3)) in methylene chlo- 
ride 40ml at room temperature, and the mixture is stirred for 21 hours. After filtration the resin is washed and dried 
to give 4-(3-chloro-4-methoxybenzylamino)-5-[2-(4-resin-methoxy-3-bromophenyl)ethoxycarbonyl]-6-chloro- 

50 2-methylthiopyrimidine 13.60g. 

Examples 327-335 
[0225] 

55 

(1) 4-(3-Chloro-4-methoxybenzylamino)-5-[2-(4-resin-methoxy-3-bromophenyl)ethoxycarbonyt]-6-ch!oro-2-meth- 
ylthiopyrimidine (prepared in Example 326(4)) and a corresponding starting compound are reacted in the same 
manner as Example 312(3), namely the resin combined with a compound is suspended in dimethylformamide and 
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thereto are added triethylamine (3 mol) and R-H (an amine represented by the following Table 16)(3 mol), and the 
mixture is stirred for 16 hours at room temperature. The resin is filtered, washed with dimethylformamide, hydrous 
dimethylformamide(50%), water, methanol, tetrahydrofuran, isopropyl ether, respectively several times, and then 
dried in vacuo to give each compound listed in the following Table 16. 




Table 16 



Example No. 


R 7 


327-1 




328-1 




329-1 




330-1 


-o 


331-1 




332-1 




333-1 


— NMe 2 


334-1 


HO-/ 


335-1 


— jl 



(2) Each resin prepared in the above (1) and a corresponding starting compound are reacted in the same manner 
as Example 321(4), namely the resin reacted is suspended in methylene chloride and swelled, and thereto are 
added a solution of m-chloroperbenzoic acid (1-2.5 mol) in methylene chloride and the mixture is stirred for 16 
hours at room temperature. The resin is filtered, washed with methylene chloride, dimethylacetamide, methanol 
and isopropyl ether, respectively several times, and then dried in vacuo to give each compound listed in the following 
Table 17. 
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MeSOn 




Table 17 



Example No. 


R 


n 


327-2 




1 


328-2 


CO 


2 


329-2 




2 


330-2 


-o 


2 


331-2 




2 


332-2 j 




1 


333-2 


— NMe ? 


2 


334-2 


HO~# 


2 


335-2 


CH, 


2 



(3) Each resin prepared in the above (2) and a corresponding starting compound are reacted in the same manner 
as Example 321(5), namely the resin reacted is suspended in dimethylacetamide and thereto are added triethyl- 
amine (4 mol) and L-prolinol (4 mol), and the mixture is stirred for 9 hours at 75°C. After cooling to room temperature 
the resin is filtered, washed with dimethylacetamide and methanol, respectively several times to give each com- 
pound listed in the following Table 18. 
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Table 18 





Example No. 




5 


327-3 




10 


328-3 






329-3 




15 


330-3 


-\_y 




331-3 




20 


332-3 






333-3 


— NMe 2 


25 


334-3 




30 


335-3 


L 



(4) Each resin prepared in the above (3) and a corresponding starting compound are reacted in the same manner 
as Example 321(6), namely the resin reacted is suspended in tetrahydrofuran and thereto is added sodium meth- 

35 oxide/methanol (10 mol). The mixture is stirred at 65°C for 2.5 hours. After cooling the reaction mixture is diluted 

with a 10% aqueous citric acid solution and neutralized with an aqueous saturated sodium hydrogen carbonate 
solution. The solution is extracted with ethyl acetate. The ethyl acetate layer is washed with an aqueous sodium 
chloride solution, dried over anhydrous magnesium sulfate and concentrated in vacuo. The residue is purified with 
silica gel chromatography, preparative thin-layer chromatography, etc. to give compounds listed in Table 19, Ex- 

w amples 332-4, 334-4 and 335-4. 



45 




55 
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Table 19 



Examole No . 


R 7 




327-4 




APCI-MS (m/z) : 514 (M+H)* 


328-4 




APCI-MS(m/z) : 528 (M+H) * 


329-4 


h / 


APCI-MS (m/z) : 520 (M+H) 


330-4 




APCI-MS(m/z) : 492(M+H) + 


331-4 




APCI-MS (m/z) : 534 (M+H) + 


333-4 


— NMe 2 


APCI-MS (m/z) : 450 (M+H) * 



Example 332-4 
[0226] 




APCI-MS(m/z) : 482(M+H)* 

Example 334-4 

[0227] 




Foam 

APCI-MS(m/z): 474(M+H) + 
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Example 335-4 
[0228] 




MeN N p 



Foam 

APCI-MS(m/z): 448(M+H) + 
Examples 336 to 346 

[0229] 4-(3-Chloro-4-methoxybenzylamino)-5-[2-(4-resln-methoxy-3-bromophenyl)ethoxycarbonyl]-6-chloro- 
2-methylthiopyrimidine prepared In Example 326(4) and a corresponding starting compound (R 1 H) are reacted in the 
same manner as Example 327-335(1 )-(4), to give compounds listed in the following Table 20 and compouds of Ex- 
ammples 340 and 341. 




r 


rable 20 


Example No. 






Physical property 
etc. 


336 




-GO 


mp: 184-186X: 


337 






APCI-MS(m/z) : 542 
(M+H) + 


338 


O 




APCI-MS(m/z) : 
514 (M+H) + 


339 


— NMe 2 


~xx> 


APCI-MS(m/z) : 
472 (M+H) * 
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Example 340 
[0230] 



5 




mp 111-114°C. 
Example 341 

20 

[0231] 



25 



30 



35 APCI-MS(m/z) : 482(M+H) + 
Example 342 

[0232] To a solution of 4-(3-chloro-4-methoxybenzylamino)-5-[2-(4-resin-meto^ 
40 6-chloro-2-methylthiopyrimidine (prepared in Example 326(4)) 1.20g in tetrahydrofuran 8 ml is gradually added a so- 
lution of 28% sodium methoxide/methanol 229mg in tetrahydrofuran 3ml at room temperature. The mixture is stirred 
for 2 hours. After filtration the resin is washed with tetrahydrofuran and dimethylformamide. The filtrate and washed 
solution is diluted with a 10% aqueous citric acid solution and neutralized with an aqueous saturated sodium hydrogen 
carbonate solution. The solution is extracted with ethyl acetate. The ethyl acetate layer is washed, dried and concen- 
ts trated in vacuo to give 4-(3-chloro-4-methoxybenzylamino) -5-methoxycarbonyl-6-methoxy-2-methylthiopyrimidine as 
a colorless caramel, 293mg. mp 124-126°C 

(2) A mixture of 4-(3-chloro-4-methoxybenzytamino)-5-methoxycarbonyl-6-methoxy-2-methylthiopyrimidine (pre- 
pared in the above (1)) 271 mg, a 2.0M aqueous sodium hydroxide solution 3.53ml, water 2ml and dimethyl sulfoxide 

so 6ml is stirred at 65°C for 14 hours. After cooling the reaction mixture is neutralized with a 1 0% aqueous citric acid 

solution and extracted with ethyl acetate. The ethyl acetate layer is washed, dried and concentrated in vacuo and 
the resulting powder is triturated with isopropyl ether to give 4- (3-chIoro-4-methoxybenzylamino)-5-carboxy- 
6-methoxy-2-methylthiopyrimidine as a colorless crystalline powder, 210rng. mp 167-170°C 

(3) To a mixture of 4-(3-chloro-4-methoxybenzylamino)-5-carboxy-6-methoxy-2-methylthiopyrimidine (prepared in 
55 the above (2)) 1 83mg, 2-aminomethylpyrimidine 70mg, 1 -hydroxybenzotriazole hydrate 67mg and dimethylforma- 
mide 4ml is added 1- (3-dimethylaminopropyl) -3-ethylcarbodiimido hydrochloride 114mg on an ice bath, and the 
mixture Is stirred for 14 hours at room temperature. The reaction mixture is diluted with an aqueous sodium hy- 
drogen carbonate solution and extracted with ethyl acetate. The ethyl acetate layer is washed, dried and concen- 



H 3 C' S Y 
N 



h nr 0CH3 



C0 2 CH a 
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trated in vacuo. The residue is separated with silica gel chromatography (solvent; chloroform: ethyl acetate = 20: 
1-»10:1) to give 4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidm^ 
thiopyrimidine as a colorless crystalline powder 208mg. mp 171-172°C 

(4) 4-(3«Chlorc>^-methoxybenzylamino) 

(prepared in the above (3)) is treated in the same manner as Example 321(4) to give 4-(3-chloro-4-methoxyben- 
zylamino)-5-[N-(2-pyrimidinylmethy1)carbamoyl]-6-methoxy-2-methylsulfinylpyrimidine as a colorless powder 

(5) 4-(3-Chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidi^^^ 

dine (prepared in the above (4)) and L-prolinol is treated in the same manner as Example 321(5) to give 4-(3-chloro- 

4-methoxybenzylamino)-5-[N-(2-pyrimidiny1m^ 

rimidine as a colorless crystalline powder 88mg. mp 153-154°C 

Example 343 

[0233] 

(1) 4 1 6-Dichloro-5-carboxy-2-methylthiopyrimidine prepared in Example 320(1) and 2-bromo-4-(2-hydroxyethyl) 
phenol prepared in Example 326( 1 ) are treated in the same manner as Example 326(3) and (4) to give 5-[2-(4-resin- 
methoxy-3-bromophenyl)ethoxycarbonyl]-4,6-chloro-2-methylthiopyrimidine: 

(2) 5-[2-(4-Resin-methoxy-3-bromophenyl)ethoxycarbonyl]-4,6-chloro-2-methylthiopyrimidine prepared in the 
above (1) and 2-(3, 4-dimethoxyphenyl)ethylamine 254mg (0.892 mmol/g) are suspended in dimethylform amide 
1ml, and thereto is added triethylamine 23mg. To the mixture is added a solution of 3,4-dimethoxyphenethylamine 
41mg in dimethylformamide 1ml. The mixture is stirred for 23 hours at room temperature. The reacted resin is 
filtered, washed with dimethylformamide, hydrous dimethylformamide, methanol, tetrahydrofuran, isopropyl ether, 
respectively several times, and then dried in vacuo to give 4-(2-(3,4-dimethoxyphenyl)ethylamino-5-[2-(4-resin- 
methoxy-3-bromophenyl)ethoxycarbonyl]-6-chloro-2-methylthiopyrimidine 279mg. 

(3) 4-(2-(3,4-Dimethoxyphenyl)ethylamino-5-[2-(4-^ 

thylthiopyrimidine (prepared in the above (2)) 237mg is suspended in dimethylformamide 2.5ml. Thereto is added 
triethylamine 81uJ and 4-hydroxypiperidine 59mg and the mixture is stirred for 14 hours at room temperature. The 
reacted resin is filtered, washed with dimethylformamide, hydrous dimethylformamide, methanol and dichlorometh- 
ane, respectively several times, and then dried to give 4-(2-(3,4-dimethoxyphenyl)ethylamino)-5-[2-(4-resin-meth- 
oxy-3-bromophenyl)ethoxycarbonyl]-6-(4-hydroxypiperidin-1-yl)-2-methylthiopyrimidine. 

(4) H2-(3,4-Dimethoxyphenyl)ethylamino)-5^ 

iperidine-1-yl)-2-methylthiopyrimidine prepared in the above (3) is suspended in dichtoromethane 2.5ml. After 
swelling m-chloroperbenzoic acid 1 1 9mg is added thereto and the mixture is stirred for 9 hours at room temperature. 
The reacted resin is filtered, washed with dichloromethane, dimethylacetamide and methanol, respectively several 
times, and then dried to give 4-(2-(3,4-dimethoxyphenyl)ethylamino)-5-[2-(4-resin-methoxy-3-bromophenyl)ethox- 
ycarbonyl]-6-(4-hydroxypiperidin-1-y1)-2-methylsulfinylpyrimidine. 

(5) 4-(2-(3,4-Dimethoxypheny1)ethylamino)^^^ 

iperidin-1-yl)-2-methylsulfinylpyrimidine prepare in the above (4) is suspended in dimethylacetamide 2.5ml, and 
thereto are added triethylamine 108nl and L-prolinol 76^J. The mixture is stirred for 9 hours at 75°C. The reacted 
resin is filtered, washed with dimethylacetamide and tetrahydrofuran, respectively several times, and then dried 
to give 4-(2-(3,4<iimemoxyphenyl)ethylamino)-5-[2-(4-resin-methoxy-3-bromophenyl)ethoxycarbonyi]-6-(4-hy- 
droxypiperidin- 1 -yl)-2-(2-hydroxymethyl- 1 -pyrrolidinyl)pyrimidine. 

(6>^-(2-(3,4-Dimethoxyphenyl)ethylamino)-5-[2-(4-resin-methoxy-3-bromophenyl)ethoxycarbonyl]-6-(4-hydroxyp^ 
iperidin-1-yl)-2-(2-hydroxymethyl-1-pyrrolidinyl)pyrimidine prepared in the above (5) is suspended in tetrahydro- 
furan 2 ml, and thereto is added 28% sodium methoxide/methanol 370mg. The mixture is stirred at 55°C for 2.5 
hours. After filtration the resin is washed with tetrahydrofuran. The filtrate is diluted with a 10% aqueous citric acid 
solution and made weakly alkaline with an aqueous saturated sodium hydrogen carbonate solution. The solution 
is extracted with methylene chloride. The combined organic layer is washed with an aqueous saturated sodium 
chloride solution, dried over anhydrous magnesium sulfate and concentrated in vacuo. The residue is separated 
and purified with silica gel chromatography (eluate; chloroform: ethyl acetate = 1:1->ethyl acetate) to give 
4-(2-(3,4-dimethoxyphenyl)ethylamino)-5-methoxycarbonyl-6-(4-hydroxypiperidin-1-yl)-2-(2-hydroxymethyl-1- 
pyrrolidinyl)pyrimidine as a colorless foam, 20mg. 
APCI-MS(m/z): 516(M+H) + 
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Example 344 
[0234] 

5 (1) A mixture of dimethyl N-cyanodithioiminocarbonate 3.21 g, L-prolinol 2.31g and chloroform 22ml is stirred at 

room temperature for a day. After reaction the mixture is separated with silica gel chromatography (solvent; hexane: 
ethyl acetate = 1:3-»ethyl acetate) to give a compound 1.65g. mp 44-48°C 

(2) To a mixture of 1 -mercaptacetic acid ethyl ester 1 .06ml and triethylamine 9ml is added the compound (prepared 
in the above (1)) 1.46g at room temperature, and the mixture is stirred for a day. After reaction triethylamine is 

10 distilled off and the residue is separated with silica gel chromatography (solvent; hexane: ethyl acetate = 1:4) to 

give 4-amino-5-ethoxycarbonyl-2-(2-hydroxymethyl-1-pyrro!odinyl)thiazole as a colorless viscous oil, 197mg. 
IR (Neat)crrr 1 : 3441, 3324, 1656, 1613, 1545, 1509 APCI-MS(nVz): 272(M+H)* 

(3) To a mixture of 4-amino-5-ethoxycarbonyl-2-(2-hydroxymethyl-1-pyrrolodinyl)thiazole (prepared in the above 
(2)) 177mg, 3-chloro-4-methoxybenzaldehyde 111mg, acetic acid 78mg and 1,2-dichloroethane 8ml is added so- 

15 dium triacetoxyborohydride 415mg, and the mixture is stirred at room temperature for 6 hours. Further 3-chloro- 

2 5 4-methoxybenzaldehyde 111mg and sodium triacetoxyborohydride 4 1 5mg are added thereto, and the mixture 
is stirred at room temperature for 3 days. The reaction mixture is diluted with an aqueous sodium hydrogen car- 
bonate solution and the organic layer is washed, dried and concentrated in vacuo. The residue is separated with 
reversed phase column chromatography and preparative thin-layer chromatography, and then triturated with ether 

20 to give 4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonyl-2-(2-hydroxymethyl-1-pyrrolodinyl)thiazole as crys- 

tals, 171mg. mp 103.5-104.5°C 

Example 345 

25 [0235J 

(1) A solution of carbobenzoxychloride 7.87g in methylene chloride 50ml is dropped to a mixture of L-prolinol 4.9g 
in methylene chloride 50ml and sodium hydrogen carbonate 11 .6g in water 50ml at 0°C under vigorously agitation. 
The mixture is stirred for 1 hour at room temperature. The organic layer is separated, washed, dried and concen- 

30 trated in vacuo to give N-carbobenzoxy- L-prolinol 10.25g. 

(2) To a mixture of N-carbobenzoxy-L-prolinol (prepared in the above ( 1 )) 5.26g, diisopropylamine 45ml and dimeth- 
ylformamide 22ml is dropped methoxymethyl chloride 4.1g at 0°C, and the mixture is stirred for 3 days at room 
temperature. The reaction mixture is diluted with water and extracted with ethyl acetate. The organic layer is neu- 
tralized with 10% hydrochloric acid, washed, dried and concentrated in vacuo. The residue is separated with silica 

35 gel chromatography (solvent; hexane: ethyl acetate = 2:1) to N-carbobenzoxy-2-methoxymethoxymethyl pyrrolid- 

ine 3.944g. 

(3) To a solution of N-carbobenzoxy-2-methoxymethoxymethylpyrrolidine (prepared in the above (2)) 3.9g in meth- 
anol 80ml is added palladium-carbon 1g at argon atmosphere. Hydrogen gas is blown through the mixture and 
the mixture is stirred at room temperature for 3 hours. After reaction catalyst is removed by filtration and the filtrate 

40 is concentrated in vacuo to give 2-methoxymethoxymethylpyrrolidine 2.02g. 

(4) A mixture of 2-methoxymethoxymethylpyrrolidine (prepared in the above (3)) 2g, cyanoisothiocyanate dimeth- 
ylacetal 2.24g and chloroform 20ml is stirred at room temperature for 24 hours. The reaction mixture is concentrated 
in vacuo and the residue is separated with silica gel chromatography (solvent; hexane: ethyl acetate = 1 :1) to give 
N-cyano-2-methoxymethoxymethylpyrrolidinethiocarboimidic acid methyl ester 2.746g. 

45 (5) To a mixture of 1 -mercaptacetic acid 1 g and trifluoroacetic acid 5ml is added triphenylmethanol 2.8g, and the 

mixture is stirred at room temperature for 1 hour After reaction trifluoroacetic acid is distilled off and the residue 
is separated with silica gel chromatography (solvent; chloroform) and triturated with hexane to give 1-(triphenyl- 
methylthio)acetic acid 1.233g. mp 155-158°C 

(6) A mixture of 1-(triphenylmethylthio)acetic acid (prepared in the above (5)) 1.218g, 2-aminomethylpyrimidine 
50 517mg, 1-hydroxybenzotriazole hydrate 540mg, 1-(3-dimethylaminopropyl)-3-ethytcarbodiimide hydrochloride 

768mg and dimethyrformamide 15ml is stirred at room temperature overnight. The reaction mixture is diluted with 
ethyl acetate and an aqueous sodium hydrogen carbonate solution, and extracted with ethyl acetate. The organic 
layer is washed, dried and concentrated in vacuo. The residue is triturated with ether to give N-(2-pyrimidinylme- 
thyl)-1 -(tri phenyl methylthio)acetamide 1.416g. mp 171-173°C 
55 (7) To a mixture of N-(2-pyrimidinylmethyl)-1-(triphenylmethylthio)acetamide 990mg, trifluoroacetic acid 5ml and 

methylene chloride 5ml is dropped triethylsilane 1 .35g at 0°C, and the mixture is stirred for 5 minutes. The reaction 
mixture is concentrated in vacuo and the residue is separated with silica gel chromatography (solvent; chloroform: 
methanol = 80:1->25:1) to give N-(2-pyrimidinylmethyl)-1-mercaptoacetamide 451mg. 
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(8) A mixture of a compound (prepared in the above (4)) 515mg, N-(2-pyrimidinylmethyl)-1-mercaptoacetamide 
(prepared in the above (7)) 427mg and triethylamine 6ml is stirred at room temperature for 20 hours. The reaction 
mixture is further stirred at 60-70°C for 5 hours. The mixture is concentrated in vacuo and the residue is separated 
with silica gel chromatography (solvent; chloroform: methanol = 80:1) to give 4-amino-5-[N-(2-pyrimidinytmethyl) 
amido]-2-(2-methoxymethoxymethyl-1-pyrroIidinyl)thiazole 457mg. 

(9) To a mixture of 4-amino-5-[N-(2-pyrimidiny1methy1)amido]-2-^ 

(prepared in the above (8)) 345mg, 3-chloro-4-methoxybenzaldehyde 401mg, acetic acid 141mg and 1,2-dichlo- 
roethane 14ml is added sodium triacetoxyborohydride 798mg, and the mixture is stirred overnight at room tem- 
perature. The reaction mixture is diluted with water and extracted with ethyl acetate. The organic layer is washed, 
dried and concentrated in vacuo. The residue is separated with reverse phase column chromatography to give 
4-(3-chlorcK4-methoxybenzylamino)-5-[N-(2-pyri 
nyl)thiazole 334mg. 

(10) To a mixture of 4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidinyimethyl)amido]-2- (2-methoxymeth- 
oxym ethyl- 1- pyrrol id inyl)thiazole (prepared in the above (9)) 334mg and methanol 4ml is added concentrated hy- 
drochloric acid 2ml, and the mixture is stirred at room temperature for 2 hours. The reaction mixture is diluted with 
chloroform and an aqueous sodium hydrogen carbonate solution and extracted with chloroform. The organic layer 
is dried and concentrated in vacuo. The residue is separated with silica gel chromatography (solvent; chloroform: 
methanol = 50:1) to give 4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidinylmethyl)amido]-2-(2-hydromethy1- 
1 -pyrrol idinyl)thiazole 213mg. 

IR (Neat)crrr 1 : 3316, 2929, 2871, 1603, 1563, 1543, 1503 
FAB-MS(m/z): 489(M+H) + 

Example 346 

[0236] 

(1) 4-(3-Chloro-4-methoxybenzylamino)-5-[2-(4-resin-methoxy-3-bromophenyl)ethoxycarbonyl-6-(N-methyl-2-hy- 
droxyethylamino)-2-methylsulfinylpyrimidine and 5,6,7,8-tetrahydroimidazo[1 ,2-a]pyrazine are treated in the same 
manner as Examples 468-476(3) to give 4-(3-chloro-4-methoxybenzylamino) -5-[2-(4-resin-methoxy-3-bromophe- 
nyl)emoxycarbonyl-6-(N-methyl-2-hydro 

dine. 

(2) 4-(3-Chloro-4-methoxybenzylamino)-5-[2-(4-resin-methoxy-3-bromophenyl)ethoxycarbonyl-6-(N-methyl-2-hy 
droxyethylamino)-2-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)pyrimidine (prepared in the above (1)) is treated 
in the same manner as Example 327-335(4) to 4-(3-chloro-4-methoxybenzylamino)-2-(5,6 l 7,8-tetrahydroimidazo 
[1,2-a]pyrazin-7-yl)-9-methyl-8,9-dihydro-7H-pyrido[4,5-e][1 ) 4]oxazepin-5-one. 

APCI-MS(m/z): 470(M+H) + 

Example 347 
[0237] 

(1) 2-Bromo-4-(2-hydroxyethyt)phenoxymethyl-resin (prepared in Example 326(2)) (1.27 mmol/g) 30.00g is sus- 
pended in anhydrous methylene chloride 25ml. While triethytamine 13.28g is added thereto and the mixture is 
stirred, acryloyl chloride 6.19ml is dropped thereto under ice cooling in argon atmosphere over a period of 15 
minutes. The reaction mixture is stirred at room temperature for 14 hours. The reacted resin compound is filtered, 
washed with methylene chloride, dimethylformamide, hydrous dimethylformamide, methanol, tetrahydrofuran and 
isopropyl ether, respectively several times, and dried in vacuo to give 2-bromo-4-(2-acryloytoxyethyl)phenoxyme- 
thyl-resin 35.78g. 

(2) 2-Bromo-4-(2-acryloyloxyethyl)phenoxymethyl-resin (prepared in the above (1)) 35.09g is suspended in a mix- 
ture of tetrahydrofuran 200ml, dimethyl sulfoxide 80ml and ethanol 40ml. To the suspension are added triethylamine 
10.37ml and 4-methoxy-3-chlorobenzylamine hydrochloride 15.49g, and the mixture is stirred at 60°Cfor 22 hours. 
The reacted resin compound is filtered, washed with tetrahydrofuran, dimethylformamide, hydrous dimethylforma- 
mide, methanol and isopropyl ether, respectively several times, and dried in vacuo to give 2-bromo-4-(2-(3-(4-meth- 
oxy-3-chlorobenzylamino)propionyloxy)ethyl)phenoxymethyl-resin 38.93g. 

(3) A mixture of 4,6-dichloro-5-carboxy-2-methylthiopyrimidine (prepared in Example 320(1)) 5.00g, N.N-dimeth- 
ylacetamide 50ml, tetrahydrofuran 20ml and sodium hydride (60%) 1 .673g is stirred for 20 minutes on an ice bath. 
Methanol 5ml is dropped thereto over a period of 30 minutes and the mixture is stirred for 15 minutes. The reaction 
mixture is diluted with a 1 0% aqueous citric solution and extracted with ethyl acetate. The organic layer is washed, 
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dried and concentrated in vacuo. The resulting solid is triturated with hexane in ice to give 4-chloro-5-carboxy- 
6-methoxy-2-methylthiopyrimidine as a slightly brown crystalline powder, 4.6 1g. mp 179-1 8 1°C 

(4) A mixture of 4-chloro-5-carboxy-6-methoxy-2-methylthiopyrimidjne (prepared in the above (3)) 2.00g and thlonyl 
chloride 5ml is stirred at 40°C for 15 minutes. Thionyl chloride, etc. is distilled off and the solvent is removed with 
azeotrope with methylene chloride to give 4-chloro-5-chloroformyl-6-methoxy-2-methylthiopyrimidine. 

(5) To a mixture of whole amount of 4-chloro-5-chloroformyl-6-methoxy-2-methylthiopyrimidine (prepared in the 
above (4)) and methylene chloride 10ml is dropped a mixture of 2-aminom ethyl pyrimtdine 930mg, triethylamine 
2.38ml and methylene chloride 10ml over a period of 5 minutes on an ice bath, and the mixture is stirred for 20 
minutes. The mixture is further stirred at room temperature for 40 minutes. The reaction mixture is diluted with 
water and the water layer is extracted with methylene chloride. The organic layer is dried and concentrated in 
vacuo. The residue is separated with silica gel chromatography (solvent; chloroform: ethyl acetate =1:1) and 
recrystallized from a mixture of methylene chloride, ethyl acetate and isopropyl ether to give 4-chlon>5-[N-(2-pyri- 
midinylmethyl]carbamoyl]-6-methoxy-2-methylthiopyrimidine as a colorless crystalline powder, 1.56g. mp 
176-177°C 

(6) 2-Bromo-4-(2-(3-(4-methoxy-3-chlorobenzytamino) propionyloxy) ethyl) phenoxym ethyl-resin (prepared in the 
above (2)) 400mg is suspended in N.N-dimethylacetamide 3.5ml. To the suspension are added triethylamine 107uJ 
and 4-chloro-5-[N-(2-pyrimidinylmethylcarbamoyl]-6-methoxy-2-methylthiopyrimidine (prepared in the above (5)) 
249mg, and the mixture is stirred at 70°C for 17 hours. The reacted resin compound is filtered, washed with N,N- 
dimethylformamide, hydrous N.N-dimethylformamide, methanol, tetrahydrofuran and methylene chloride, respec- 
tively several times, and dried in vacuo to give 4-[N-(4-methoxy-3-chlorobenzyl)-N-[2-(4-resin-methoxy- 
3-bromophenethyloxyc^rbonyl)ethyl]amino]-5-[N-(2-pyrimidinylmethyl)carbamoyl]-6-methoxy-2-methyim 
midine. 

(7) The resin compound (prepared in the above (6)) is suspended in methylene chloride 2.5ml. To the suspension 
is added a solution of m-chloroperbenzoic acid 104mg in methylene chloride 1ml, and the mixture is stirred at room 
temperature for 16 hours. The reacted resin compound is filtered, washed with hydrous N,N-dimethylformamide, 
methanol, methylene chloride and N.N-dimethylacetamide, respectively several times, to give 4-[N-(4-methoxy- 

3- chlorobenzyl)-N-[2-(4-resin-methoxy-3-bromophenethyloxycarbonyl)ethyl]amino]-5-[N-(2-pyrimidtnylmethyl) 
carbamoyl]-6-methoxy-2-methylsulfinylpyrimidine. 

(8) The resin compound prepared in the above (7) is suspended in N.N-dimethylacetamide 2.5ml. To the suspen- 
sion are added triethylamine 160fxl and L-prolinol 116mg and then the mixture is stirred at 75°C for 14 hours. The 
reacted resin compound is filtered, washed with N.N-dimethylformamide, hydrous N,N-dimethylformamide, meth- 
anol, tetrahydrofuran and a mixture of tert-butanol and tetrahydrofuran (1:9), respectively several times, to give 

4- tN-(4-methoxy-3-chlorobenzyl)-N-[2-(4-resin-methoxy-3-bromophenethyloxycarbonyl)ethyl]amino]-5-[N-(2-pyri- 
midinylmethyl)carbamoyl]-6-methoxy-2-(2-hydroxymethyl-1 -pyrrol idinyl)pyri midine. 

(9) The resin compound (prepared in the above (8)) is suspended in a mixture of tert-butanol and tetrahydrofuran 
(1:9). To the suspension is added tert-potassium butoxide 214mg under ice cooling. The mixture is stirred for 20 
minutes. A 10% aqueous citric acid solution 2ml is added thereto and the resin is filtered, washed with tetrahydro- 
furan. The washed solution is made basic with an aqueous saturated sodium hydrogen carbonate solution and 
extracted with ethyl acetate. The combined organic layer is washed with an aqueous sodium chloride solution, 
dried over magnesium sulfate and concentrated in vacuo. The residue is separated and purified with preparative 
thin-layer silica gel chromatography (eluent; chloroform: ethyl acetate: methanol = 20:20:1) and recrystallized from 
a mixture of ethanol and isopropyl ether to give 4-(4-methoxy-3-chlorobenzylamino)-5-[N-(2-pyrimidinylmethyl) 
carbamoyl]-6-methoxy-2-(2-hydroxymethyl-1-pyrrolidinyl)pyrimidine as a colorless crystalline powder, 28mg. mp 
153-154°C 

Examples 348-354 

[0238] 

(1) The following compounds are prepared in the same manner in Example 347(3) and (4). 
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Table 21 





R 


mp 


348-1 




120 - 122°C 


349-1 




133 - 134°C 


350-1 




195 - 197 °C 


J51-1 




155 - 156 C 


352-1 




155 - 158°C 


353-1 




193 - 195°C 


354-1 




109 - 112°C 



(2) The following compounds are prepared starting from the compounds prepared in the above (1) in the same 
manner as Example 347(6). 
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Table 22 



348-2 




349-2 




350-2 


X) 


351-2 




352-2 




353-2 




354-2 





Examples 355-394 

[0239] The compounds listed In the following Tables 23-30 are prepared starting from the compounds prepared In 
the above (2) and Example 347 (5) in the same manner as Example 347(6)-(8). 
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Table 23 



Example No. 


R 1 






356 




357 


pa ■ 

och 3 


358 


nr° H 


359 


hoh Q^i 




OCH, 










Table 24 


Example No. 


R 1 


360 




361 


OCX 


362 


pa. 

0CH3 



96 



EP 1 277 741 A1 



363 




364 


h0 -O-i 


Resin 


CHjO HN. 

OMa 

Table 25 


Example No. 


R 1 


365 




366 


OCX 


367 


go. 

och 3 


368 




369 


NMe 2 
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Table 26 



Example No. 


R 1 


370 




371 




372 


pa 

och 3 


373 




374 


NMej 
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Table 27 



Example No. 


R 1 


375 




376 


OCX 


377 


go. 
och 3 


378 


OCX 


379 


NMej 
N^N 




OCH s 


Resin— CH 2— (X 


o C 'V 
Table 28 


Example No. 


R l 


380 


/V 0H 


381 




382 


go. 

0CH3 
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Table 29 



Example No. 


R 1 


385 




386 


oa 


387 


pa 

och 3 


388 


OCX 


389 


NMe 2 

JL 
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10 



Resin— CH^— | 



?ch 3 



i ^Sr^oci 



Table 30 



15 



20 



25 



30 



35 



Example No. 


R 1 


390 


c^ 0H 


391 


OCX 


392 


och 3 


393 




394 


NMe 2 



Examples 395-432 

40 [0240] The compounds listed In the following Tables 31-39 are prepared by removing the resin from the compounds 
prepared in Example 347 (5) and Examples 355-395 in the same manner as Example 347(9). 



45 



50 



6 



CH30 



55 
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Table 31 



Example No. 




Physical property etc. 




r-T 0H 

VN N 


mp: 153-154 °C 
APCI-MS fm/zl • 514 1 
(M+H) * 


396 




mp: 152-155°C 
APCI-MS (m/z) : 552 
(M+H) * 


397 


OCH 3 


mp: 169-172°C 
APCI-MS (m/z) : 57 6 
(M+H)* 


398 




Foam 

APCI-MS (m/z) : 606 
(M+H) * 



Table 32 



Example No. 


Product 


Physical property 
etc. 


399 


H0 "O^ u ,^r OCH3 

CH a O NH 2 


mp: 186-188°C 
APCI-MS (m/z) : 456 
(M+H) + 
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.Table 33 



Example No. 


R 1 


Physical property 
etc. 


a nn 

4UU 




Foam 

T\ D^T — MC fm / ~r \ • R*I *3 
/\rLl"Mo \IU/2) • jxj 

(M+H) * 


401 




mp: 153-155°C 
APCI-MS(m/z) : 551 
(M+H)* 


402 


CO 

0CH 3 


mp: 137-139°C 
APCI-MS(m/z) : 575 
(M+H) * 


403 


A mixture of j00 N ~~ 
HO ^ 

** H CCX 0 _ 


mp: 198-201 e C 
APCI-MS(m/z) : 547 
(M+H)* 
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Table 34 



Example No. 


R 1 


Physical property etc. 


404 




Oil 

APCI-MS(m/z) : 480 (M+H) * 


405 


to. 


Oil 

APCI-MS(m/z) : 518 (M+H) * 


406 


go. 

och 3 


mp: ?3-96°C 
APCI-MS(m/z) : 542 (M+H) + 


407 


HO— 


mp: 216-218°C 
APCI-MS(m/z) : 397 (M+H) * 


408 


NMej 


mp: 71-73°C 
APCI-MS(m/z) : 586 (M+H) + 




Table 35 



Example No. 


R 1 


Physical property etc. 


409 


rT 0H 


Foam 

APCI-MS(m/z) : 520 (M+H) + 


410 


CO. 


Oil 

APCI-MS(m/z) : 558 (M+H) + 


411 


go. 

OCH 3 


Foam 

APCI-MS(m/z) : 582 (M+H)* 


412 


nBuO — 


Oil 

APCI-MS(m/z) : 493 (M+H) * 
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413 


KlMa. 

r>iivie2 


Oil 

APCI-MS (m/z) : 626 (M+H) + 


414 


HO— 


mp 216-218°C 
APCI-MS (m/z) : 437 (M+H)* 




Table 36 



Example No. 


R 1 


Physical property etc. 


415 


^OH 


Foam 

APCI-MS(m/z) : 528 (M+H) 4 


416 




mp 140-142°C 
APCI-MS(m/z) : 566 (M+H) * 


417 


pa 

och 3 


mp 163-165°C 
APCI-MS (m/z) : 590 (M+H) + 


418 


nBuO — 


mp 98-101°C 
APCI-MS (/z) : 501 (M+H) * 


419 


NMe 2 


mp 193-194 °C APCI- 
MS (m/z): 634 (M+H) + 
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Table 37 



Example No. 


R 1 


Physical property etc. 


420 


rT 0H 


Foam 

APCI-MS(m/z) : 527 (M+H)* 


421 


OCX 


mp 172-173°C 
APCI-MS(m/z) : 565 (M+H)* 


422 


och 3 


mp 86-88°C 
APCI-MS(m/z) : 589 (M+H) * 


423 


ch 3 s— 


mp 160-162°C 
APCI-MS(m/z) : 474 (M+H) + 


424 


UM&2 

\ 


mp 182-184 °C 
APCI-MS(m/z) : 633 (M+H) + 
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Table 38 



Example No. 


! R 1 


Physical property etc. 


425 




Foam APCI-MS (ro/z) : 513 
(M+H) + 


426 


OCX 


Foam APCI-MS (m/z) : 551 
(M+H) + 


427 


go. 
och 3 


APCI-MS(m/z) : 575 (M+H) + 
mp 187-192°C 


428 




Foam APCI-MS (m/z) : 535 
(M+H) + 


429 


NMe 2 


Foam APCI-MS (m/z) : 619 
(M+H) * 




CH36 HIV 



.OCH3 



Table 39 



Example Mo. 


R 1 


Physical property etc. 


430 




Oil 

APCI-MS(m/z) : 535 (M+H)* 


431 




Oil 

APCI-MS(m/z) : 573 (M+H) + 


432 


pa 

OCH 3 


Oil 

APCI-MS(m/z) : 597 (M+H) + 



Examples 433-482 

[0241] The compounds listed in the following Table 15 are prepared as mentioned above. 
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Table 15-1 



Example No. 


Structure 


Physical property 
etc. 














433 


N fSr a cH 3 

H ^oYo' CH3 

H 3 C° 


mp 158-162°C 












434 


H 3 C V jLjL 

0 CH 3 

H 3 C 


mp 132-133°C 








435 


h 3 c v jOl 

H 3 c'° ™3 


mp 136-138°C 












436 


O 1 
H 3 C' CH 3 


mp 98-100°C 
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437 


CH 3 

H 3 c'° 


mp learnt; 


Table 15-2 


Example No. 


Structure 


Physical property 
etc. 


438 


CH 3 

7, Ac, 
o ^| r Cl 

"vN^N NH 
H 3 c'° ™3 


Foam 

MS(m/z): 589 (M+H) * 


439 


N^Jk r NH 2 
O 


mp 208-209°C 


440 


CH 3 

hc - H3 h nr° 

HA o^ N Y \ N AA cl 

A °Vh 
H 3 C'° CH 3 


Foam 

MS(m/z): 561 (M+H) * 
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441 


CH 3 

Ac, 

CH 3 "fS* 0 
H 3 C CH 3 


Foam 

MS(m/z): 561(M+H) + 


442 


N A>° £h 3 

h 3 c n JlX 

H 3 C'° CH 3 


mp 146-148°C 


Table 15-3 


Example No. 


Structure 


Physical property 
etc. 


443 


CH 3 

HN^ r^^CI 
H 3 C'° CH 3 


mp 153-155°C 


444 


n H £ X CH 3 


mp 136. 5-137. 5°C 
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445 


^n y n^!1sAa C | CHa 

nJL.o 

\ 

1. 

CH 3 


mp 112.5-113°C 


446 


H 3 C s JUL 

A i 
H 3 C° CH 3 


mp 42-45°C 


447 


H3C 'N^1 H fY°^ CH > 


D.c. 90-130°C 


448 


yLo^N^H JUL/ CHs 

NviA^O o CH 3 
H 3 c'° CH 3 


Amorphous 
MS(m/z): 595 (M+H) * 


Table 15-4 


Example 
No. 


Structure 


Physical property 
etc. 


449 


QLo^n kjCC CH3 

n^L^o 

HN 0- V CH 3 


mp 139-140°C 
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450 


QLo^n nJCC--° H3 


mp 142-145°C 


| 451 


u _ H |^Y°"CH 3 
H 3 C CH 3 


mp 149-150°C 


452 


HO^ N fV 
CH3 ° N CH 3 


D.c. 86-90°C 


453 


On y n y n v XX ci CH3 

rj ch 3 

OH 


Powder 

MS(m/z): 506(M+H) + 


454 


C ) V CH 3 
N 
1 

CH 3 


Oil 

MS(m/z): 527 (M+H) * 


Table 15-5 


Example No. 


Structure 


Physical property 
etc. 
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455 


HO 

H 3 c'° 


Foam 

MS(m/z): 542 (M+H)* 


456 


3 O N^yO 

O^CH 3 


mp 185-188°C 


457 


N^AfO 

/O 0. 
H 3 C^ ^CHa 


Foam 

MS(m/z): 437 (M+H) * 


458 


HO 

"> o 

N^L#0 

HN^Q-OH 

HaC^ 


Powder 

MS(m/z): 528 (M+H) + 


459 


hn -Qt°"ch 3 

CI 


mp 158-160°C 


4 60 


h rr° v cH 3 


Hydrochloride 
Powder 

MS(m/z): 484 (M+H) + 
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Table 15-6 



Example No. 


Structure 


Physical property 
etc • 


461 


ft 


Powder 

MS(m/z) : 462 (M+H) * 


462 


HN "CH 3 


mp 191-193°C 


463 


NH 2 


mp 152. 5-154. 5°C 


464 


hn Vq ^ch 3 


mp 155-157°C 


465 


CH 3 

°1 

N N 


mp 146-147°C 




466 


hn -Ah 3 

u 


MS(m/z): 528 (M+H) * 
mp 91V. 
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Table 15-7 



Example No. 


Structure 


Phvsical orooertv 
etc. 


467 


Ho/v O %lv sXC CH3 

^0 


Foam j 
MS(m/z) : 506(M+H) + 


468 


H0 T 1 H f« CH 3 

Q CH 3 
OH 


Foam 

MS (m/z) : 548 (M+H) + 


469 


"\ 

u 


mp 214-215°C 


470 


^OH 

p h rr 0 "cH 3 


Foam 

MS (m/z) : 544 (M+H) + 
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471 




mp 176-182°C 


472 


? i h nr° N cH 3 

0 °^ CHs 


Foam 

MS(m/z) : 508(M+H) + 


Table 15-8 


Example No. 


Structure 


Physical property 
etc. 


473 


M ch 3 

OH 


Foam 

MS(m/z) : 548(M+H) + . 


474 


HO 

8 


Powder 

MS(m/z): 494 (M+H)* 
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475 


HO 


Powder 

MS<m/z): 498 (M+H)* 




Cx 

V==/ 


476 


1 1 /""\ 

HO 

h rr°"cH 3 

NvA^O 

H 3 C^ 0 JUl 0 - CH 3 


Powder 

MS(m/z): 556 (M+H) * 


477 


hoJO 


Powder 

MS(m/2): 4 98 (M+H)* 


Table 15-9 


Example No. 


Structure 


Physical property 
etc. 


478 


C5 y n HjOC CH3 

HN V-OH 
OH 


mp 184-185°C 


479 


Cn^N N^XX C| 

HN^ N A N JI 
H 


mp 146-148°C 
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480 


HO 

/V H f*V° N CH, 
N^L^O cH 3 

0 °-\ 

CH 3 


mp 208-209°C 


481 


N^A^O 
.0 HN. 

h 2 ct n^n 


mp 123-126°C 


482 


HO 

/V h (^°^ch 3 

h 2 n^A n 

Ha/ CH 3 


Powder 

MS(m/z) : 486(M+H) + 



Reference example 
35 [0242] 

(1) A solution of 2-cyanopyrimidine 80g in ethanol 400ml is put in a SL autoclave, and therein are 10% palladium- 
carbon 48g in ethanol and 15% ammonia/ethanol (ammonia 224g, 1.6L). After the atmosphere is three times 
substituted with 3 hydrogen pressure, the reaction is carried out at 7 hydrogen pressure for 5 hours. The mixture 

to is filtered with precoated active carbon 40g and washed with ethanol. The solvent is removed under atmospheric 

pressure. To the residue is added ethanol and then gradually added maleic acid 97.2g and the mixture is stirred 
for 1 hour. To the mixture is dropped ethyl acetate 800ml over about a period of about 20 minutes. The mixture is 
gradually cooled to 30°C, and is stirred for 30 minutes under ice cooling. The resulting crystals are collected by 
filtration, washed with a mixture of ethanol and ethyl acetate (1:2) 160ml to give 2-aminomethylpyrimidine maleate 

45 114.6g (yield: 67%). 

(2) 2-Aminomethylpyrimidine maleate 70g and ethanol 280ml are put in a 4 neck-flask (2L). To the suspension is 
dropped a solution of hydrogen chloride in ethanol (previously prepared) 69.6g over a period of 10 minutes, and 
the mixture is stirred at 70°C for 2 hours. After reaction ethyl acetate 560ml is dropped thereto at 60°C and the 
mixture is gradually cooled to 30°C and stirred for 30 minutes under ice cooling. The resulting crystals are collected 

so by filtration, washed with a cold mixture of ethanol and ethyl acetate (1 :2) 140ml and dried to give 2-aminometh- 

ylpyrimidine hydrochloride as powder-like crystals 43. 1g. mp 207-210 (decomposition) 

INDUSTRIAL APPLICABILITY 

55 [0243] The compound (I) of the present invention and its pharmacologically acceptable salt have excellent specific 
PDE V inhibitory activity and therefore, are effective for treating various diseases due to functional disorders on cGMP- 
signaling, such as chronic or acute heart failure, myocardial infarction, erectile dysfunction, hypertension, pulmonary 
hypertension, diabetic gastroparesis, angina pectoris, female sexual dysfunction, prostatic hyperplasia, asthema, di- 
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arrhea, constipation, achalasia, etc. 

[0244] The compound (I) of the present Invention and its pharmacologically acceptable salt have excellent charac- 
teristic properties as they hardly show side effects including toxicity, exhibit selectively the desired effect and are safe 
as a medicine. 



Claims 

1 . A cyclic compound of the formula (I) or a pharmacologically acceptable salt thereof, 



10 



15 



45 



50 



rM^-cor 3 ro 



R 2 



wherein 



X is =CH-or=N-, 

20 Y is-NH-. -NR 4 -, -S-, -0-, -CH=N-, -N=CH-, -N=N-, -CH=CH-, 

— C=N- f — C=C- or — N=C— , 
R 5 R 6 k> 

R 1 is a lower alkoxy group which is optionally substituted, an amino group which is optionally substituted, a 
heterocyclic ring containing N atom(s) which is optionally substituted, a hydroxy group which is optionally 

30 substituted by a heterocyclic ring containing N atom(s) which is optionally substituted, or cyano group, 

R 2 is a lower alkylamino group which is optionally substituted by an aryl group which is optionally substituted, 
a lower alkoxy group which is optionally substituted by an aryl group which is optionally substituted, a lower 
alkoxy group substituted by an aromatic heterocyclic ring containing N atom(s), a lower alkylamino group 
substituted by a heterocyclic ring which is optionally substituted, or an amino group substituted by an aryl 

35 group which is optionally substituted, 

R 3 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is optionally 
substituted, a lower alkyl group which is optionally substituted, a lower alkoxy group which is optionally sub- 
stituted, a cyclo lower alkoxy group which is optionally substituted, a hydroxy group substituted by a hetero- 
cyclic ring containing N atom(s) which is optionally substituted, or an amino group which is optionally substi- 

^0 tuted, and 

R 4 , R 5 , R 6 or R 7 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which 
is optionally substituted, a lower alkoxy group which is optionally substituted, or an amino group which is 
optionally substituted, and R 4 R 5 , R 6 or R 7 may combine with R 3 to form a lactone ring represented by the 
following formula, 




wherein, when X is =N-, Y is -CH=N-, or -N=CH-, R 2 is an amino group mono-substituted by a methyi group 
substituted by an aryl which is optionally substituted, and R 3 is a lower alkyl which is optionally substituted, an 
amino group mono-substituted by a lower alkyl group substituted by a heterocyclic ring containing N atom(s) which 
55 is optionally substituted, an amino group mono-substituted by a heterocyclic ring containing N atom(s) which is 

optionally substituted or an amino group mono-substituted by a cyclo lower alkyl group which is optionally substi- 
tuted, R 1 is a lower alkoxy group which is optionally substituted, an amino group which is optionally substituted, a 
hydroxy group which is optionally substituted by a heterocyclic ring containing N atom(s) which is optionally sub- 
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stituted, or cyano group. 



The compound claimed in claim 1 , wherein 



X is =N- t 

Y is-NH-, -NR 4 -, -S-, -0-, -CH=N-, -N=CH-, -N=N-, -CH=CH-, 



— C=N— 





or 



— N=C 




R 1 is a lower alkoxy group which is optionally substituted, an amino group which is optionally substituted, a 
heterocyclic ring containing N atom(s) which is optionally substituted, a hydroxy group which is optionally 
substituted by a heterocyclic ring containing N atom(s) which is optionally substituted, or cyano group, 
R 2 is a lower alkylamino group which is optionally substituted by an aryl group which is optionally substituted, 
a lower alkoxy group which is optionally substituted by an aryl group which is optionally substituted, a lower 
alkoxy group substituted by an aromatic heterocyclic ring containing N atom(s) which is optionally substituted, 
a lower alkylamino group substituted by a heterocyclic ring which is optionally substituted, or an amino group 
substituted by an aryl group which is optionally substituted, 

R 3 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is optionally 
substituted, a lower alkyi group which is optionally substituted, a lower alkoxy group which is optionally sub- 
stituted, a cyclo lower alkoxy group which is optionally substituted, a hydroxy group substituted by a hetero- 
cyclic ring containing N atom(s) which is optionally substituted, or an amino group which is optionally substi- 
tuted, and 

R 4 , R 5 , R 6 or R 7 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which 
is optionally substituted, a lower alkoxy group which is optionally substituted or an amino group which is op- 
tionally substituted, and R 4 , R 5 , R 6 or R 7 optionally combines with R 3 to form a lactone ring represented by 
the following formula, 



wherein, when X is =N-, Y is -CH=N-, or -N-CH-, R 2 is an amino group mono-substituted by a methyl group 
substituted by an aryl which is optionally substituted, and R 3 is a lower alkyi which is optionally substituted, an 
amino group mono-substituted by a lower alkyi group substituted by a heterocyclic ring containing N atom(s) which 
is optionally be substituted, or an amino group mono-substituted by a cyclo lower alkyi group which is optionally 
substituted, R 1 is a lower alkoxy which is optionally substituted, an amino group which is optionally substituted, a 
hydroxy group which is optionally substituted by a heterocyclic ring containing N atom(s) which is optionally sub- 
stituted, or cyano group. 

The compound claimed in claim 1 , wherein 

Xis =CH- or=N-, 
Yis-NH-, -NR 4 -, -S-, or-O-, 

R 1 is a lower alkoxy group which is optionally substituted, an amino group which is optionally substituted, a 
heterocyclic ring containing N atom(s) which is optionally substituted, a hydroxy group which is optionally 
substituted by a heterocyclic ring containing N atom(s) which is optionally substituted, or cyano group, 
R 2 is a lower alkylamino group which is optionally substituted by an aryl group which is optionally substituted, 
a lower alkoxy group which is optionally substituted by an aryl group which is optionally substituted, a lower 
alkoxy group substituted by an aromatic heterocyclic ring containing N atom(s) which is optionally substituted, 
a lower alkylamino group substituted by a heterocyclic ring which is optionally substituted, or an amino group 
substituted by an aryl group which may substituted, 

R 3 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is optionally 




/ 



or 
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substituted, a lower alkyl group which is optionally substituted, a lower alkoxy group which is optionally sub- 
stituted, a cyclo lower alkoxy group which is optionally substituted, a hydroxy group substituted by a hetero- 
cyclic ring containing N atorn(s) which is optionally substituted, an amino group which is optionally substituted, 
or 

R 4 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is optionally 
substituted, a lower alkoxy group which is optionally substituted, or an amino group which is optionally sub- 
stituted, and R 4 optionally combines with R 3 to form a lactone ring represented by following formula, 

/ I 




The compound claimed in claim 1, wherein 
X is =N-, 

Y is -N=N-, -CH=CH-, 

— c=n— — C=C- or — N=C~ , 
R 5 R 6 k 1 

R 1 is a lower alkoxy group which is optionally substituted, an amino group which is optionally substituted, a 
heterocyclic ring containing N atom(s) which is optionally substituted, a hydroxy group which is optionally 
substituted by a heterocyclic ring containing N atom(s) which is optionally substituted, or cyano group, 
R 2 is a lower alkylamino group which is optionally substituted by an aryl group which is optionally substituted, 
a lower alkoxy group which is optionally substituted by an aryl group which is optionally substituted, a lower 
alkoxy group substituted by an aromatic heterocyclic ring containing N atom(s) which is optionally substituted, 
a lower alkylamino group substituted by a heterocyclic ring which is optionally substituted, or an amino group 
substituted by an aryl group which is optionally substituted, 

R 3 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is optionally 
substituted, a lower alkyl group which is optionally substituted, a lower alkoxy group which is optionally sub- 
stituted, a cyclo lower alkoxy group which is optionally substituted, a hydroxy group substituted by a hetero- 
cyclic ring containing N atom(s) which is optionally substituted, an amino group which is optionally substituted, 
or 

R 5 , R 6 or R 7 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is 
optionally substituted, a lower alkoxy group which is optionally substituted, or an amino group which is option- 
ally substituted, and R 5 , R 6 or R 7 optionally combines with R 3 to form a lactone ring represented by the following 
formula, 

The compound claimed in claim 1, wherein 
X is =N-, 

Yis -CH=N- or -N=CH- t 

R 1 is a lower alkoxy group which is optionally substituted, an amino group which is optionally substituted, a 
heterocyclic ring containing N atom(s) which is optionally substituted, a hydroxy group which is optionally 
substituted by a heterocyclic ring containing N atom(s) which is optionally substituted, or cyano group, 
R 2 is a lower alkylamino group which is optionally substituted by an aryl group which is optionally substituted, 
a lower alkoxy group which is optionally substituted by an aryl group which is optionally substituted, a lower 
alkoxy group substituted by an aromatic heterocyclic ring containing N atom(s) which is optionally substituted, 
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a lower alkylamino group substituted by a heterocyclic ring which is optionally substituted, or an amino group 
substituted by an aryl group which is optionally substituted, 

R 3 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is optionally 
substituted, a lower alkyl group which is optionally substituted, a lower alkoxy group which is optionally sub- 
stituted, a cyclo lower alkoxy group which is optionally substituted, a hydroxy group substituted by a hetero- 
cyclic ring containing N atom(s) which is optionally substituted, an amino group which is optionally substituted, 
provided that when R 2 is an amino group mono-substituted by methyl group substituted by an aryl group which 
is optionally substituted, 

R 3 is a lower alkyl group which is optionally substituted, an amino group mono-substituted by a lower alkyl 
group substituted by a heterocyclic ring containing N atom(s) which is optionally substituted, an amino group 
mono-substituted by a heterocyclic ring containing N atom(s) which is optionally substituted, or an amino group 
mono-substituted by a cycloalkyl group which is optionally substituted, R 1 is a lower alkoxy group which is 
optionally substituted, an amino group which is optionally substituted, a hydroxy group which is optionally 
substituted by a heterocyclic ring containing N atom(s) which is optionally substituted, or cyano group. 

The compound claimed in claim 1 , wherein 

X is =CH-, 

Y is -CH=N- -N=C-,-N=N-, 



R 1 is a lower alkoxy group which is optionally substituted, an amino group which is optionally substituted, a 
heterocyclic ring containing N atom(s) which is optionally substituted, a hydroxy group which is optionally 
substituted by a heterocyclic ring containing N atom(s) which is optionally substituted, or cyano group, 
R 2 is a lower alkylamino group which is optionally substituted by an aryl group which is optionally substituted, 
a lower alkoxy group which is optionally substituted by an aryl group which is optionally substituted, a lower 
alkoxy group substituted by an aromatic heterocyclic ring containing N atom(s) which is optionally substituted, 
a lower alkylamino group substituted by a heterocyclic ring which is optionally substituted, or an amino group 
substituted by an aryl group which may substituted, 

R 3 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is optionally 
substituted, a lower alkyl group which is optionally substituted, a lower alkoxy group which is optionally sub- 
stituted, a cyclo lower alkoxy group which is optionally substituted, a hydroxyl group substituted by a hetero- 
cyclic ring containing N atom(s) which is optionally substituted, an amino group which is optionally substituted, 
or 

R 5 , R 6 or R 7 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is 
optionally substituted, a lower alkoxy group which is optionally substituted, or an amino group which is option- 
ally substituted, and R 5 , R 6 or R 7 may combine with R 3 to form a lactone ring represented by following formula, 




or 




7 ' 




or 




The compound claimed in claim 1 , wherein 



X is =CH-, 
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Y is -CH=CH-, 

R 1 is a lower alkoxy group which is optionally substituted, an amino group which is optionally substituted, a 
heterocyclic ring containing N atom(s) which is optionally substituted, a hydroxy group which is optionally 
substituted by a heterocyclic ring containing N atom(s) which is optionally substituted, or cyano group, 
R 2 is a lower alkylamino group which is optionally substituted by an aryl group which is optionally substituted, 
a lower alkoxy group which is optionally substituted by an aryl group which is optionally substituted, a lower 
alkoxy group substituted by an aromatic heterocyclic ring containing N atom(s) which is optionally substituted, 
a lower alkylamino group substituted by a heterocyclic ring which is optionally substituted, or an amino group 
substituted by an aryl group which is optionally substituted, 

R 3 is an aryl group which is optionally substituted, a heterocyclic ring containing N atom(s) which is optionally 
substituted, a lower alkyl group which is optionally substituted, a lower alkoxy group which is optionally sub- 
stituted, a cyclo lower alkoxy group which is optionally substituted, a hydroxy group substituted by a hetero- 
cyclic ring containing N atom(s) which is optionally substituted, an amino group which is optionally substituted. 

The compound claimed in any of claims 1-7, wherein 

R 1 is 

(1) a lower alkoxy group which is optionally substituted by one to three, same or different, substituents 
selected from the group consisting of a cyclo lower alkyl group, hydroxy group, a lower alkylamino group 
which is optionally protected, a lower alkoxy group, a hydroxy-substituted lower alkyl group, phenyl group, 
a lower alkoxyphenyl group, a hydroxy-substituted lower alkylphenyl group, a furyl group, a pyridyl group, 
a lower alkoxypyridyl group, a hydroxy-substituted lower alkylpyridyl group, a lower alkylpyridyl group, a 
pyrimidinyl group, a lower alkoxypyrimidinyl group, and a morpholinyl group, 

(2) a lower alkylamino group which is optionally substituted by one to three, same or different, substituents 
selected from the group consisting of hydroxy group, a lower alkoxy group, a lower alkyl group, a pyridyl 
group, a lower alkylamino group, cyano group, a phenyl group which is optionally substituted by a lower 
alkoxy group and/or a halogen atom, and a hydroxy-substituted lower alkyl group, 

(3) an indanylamino group, 

(4) a heterocyclic ring containing N atom(s) which is optionally substituted by one to four, same or different, 
substituents selected from the group consisting of hydroxyl group, a lower alkyl group, a lower alkoxy 
group, a hydroxy-substituted lower alkyl group, oxo group, a pyridyl group which is optionally substituted 
by a hydroxy-substituted lower alkyl group, a pyrimidinyl group which is optionally substituted by a lower 
alkylamino group, formyl group, mesyl group, a lower alkanoyl group substituted by a hydroxy group which 
is optionally protected, and carbamoyl group, 

(5) a hydroxy group which is optionally substituted by a pyridyl group, or 

(6) cyano group, 

R2 is 

(1) a lower alkylamino group substituted by an aryl group which is optionally substituted by one to four, 
same or different, substituents selected from the group consisting of a lower alkoxy group, a halogen 
atom, an amino group, a lower alkanoylamino group, a formylamino group, hydroxy group, a lower alkox- 
ypyridyl group, a lower alkylamino group, nitro group, a halogeno-substituted lower alkyl group, a lower 
alkylenedioxy group, cyano group, a lower alkyl group substituted by a hydroxy group which is optionally 
protected, a lower alkylsulfonyl group, and a lower alkylsulfinyl group, 

(2) a lower alkoxy group substituted by one to four, same or different, substituents selected from the group 
consisting of a lower alkoxy group and a halogen atom, 

(3) a lower alkoxy group substituted by a pyridyl group, 

(4) a lower alkylamino group substituted by an indoiyl group, a pyrimidinyl group, a benzofuranyl group, 
a dihydrobenzofuranyl group, a lower alkylpyrimidinyl group, a dihydrobenzoxazolyl or a dihydrobenzim- 
idazolyl group, or 

(5) an indanylamino group, 

R3 is 

(1) an aryl group which is optionally substituted by one to four, same or different, substituents selected 
from the group consisting of a lower alkoxy group and an lower alkylamino group, or an aryl group which 
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is optionally substituted by one or two lower alkylenedioxy groups, 

(2) a heterocyclic ring containing N atom(s) which is optionally substituted by one to four, same or different, 
substituents selected from the group consisting of a lower alkyl group, hydroxy group, an amino group, 
chlorosulfinyloxy group and a piperidinyloxysulfinyloxy group, 
5 (3) a lower alkyl group which is optionally substituted by one to three, same or different, substituents 

selected from the group consisting of a morpholinyl group and a di-lower alkoxyphosphoryl group, 

(4) a lower alkoxy group which is optionally substituted by one to three, same or different, substituents 
selected from the group consisting of a pyridyl group, a lower alkoxypyridyl group, a pyrimidinyl group, a 
lower alkylamino group, a pyrazinyl group, a lower alkoxy group which is optionally substituted by phenyl 

10 group, a pyrimidinyl-substituted oxy group, a pyridyl-substituted oxy group, a pyrimidinyl-substituted lower 

alkoxy group, a morpholinyl group, a lower alkylmorpholinyl group, a N-lower alkyl-N-pyrimidinylamino 
group, a lower alkyldioxolanyl group, a lower alkoxy-substituted lower alkoxy group, a pyridylcarbonylami- 
no group, hydroxy group, and a lower alkylpiperidyt group, 

(5) a cyclo lower alkoxy group which is optionally substituted by hydroxy group, 

is (6) a piperidyl-substituted hydroxy group which is optionally substituted by one to four, same or different, 

substituents selected from the group consisting of a pyrimidinyl group, a lower alkyl group and a cyano- 
substituted lower alkyl group, or 

(7) an amino group which is optionally substituted by one or two, same or different, substituents selected 
from the group consisting of 

20 

(i) a lower alkoxy group which is optionally substituted by a lower alkoxy group, 

(ii) a lower alkyl group which is optionally substituted by one to three, same or different, substituents 
selected from the group consisting of cyano group, hydroxy group, a lower alkoxy group, a phenyl 
group which is optionally substituted by a lower alkoxy group and/or a halogen atom, carbamoyl group, 

25 a lower alkylamino group, a pyridyl group, a lower alkyl pyridyl group, a lower alkoxy pyridyl group, a 

pyrimidinyl group, a lower alkoxy pyrimidinyl group, a morpholinyl group, a lower alkyl morpholinyl 
group, a hydroxy-substituted lower alkyl morpholinyl group, a cyano-substituted lower alkylmorpholi- 
nyl group, a hydroxy-substituted piperidyl group, an oxo-substituted piperazinyl group, a lower alkyl 
piperazinyl group, a lower alkylsulfonylpiperazinyl group, a pyrrolidinyl group, a lower alkylpyrrolidinyl 

30 group, a lower alkylpyrazinyl group, a tetrahydrofuranyl group, a lower alkoxypyridyl amino group, and 

a pyrimidinylamino group, 

(iii) a phenyl group which is optionally substituted by hydroxy group or a lower alkoxy group, 

(iv) a pyridyl group which is optionally substituted by a lower alkyl group, 

(v) a pyrazolyl group which is optionally substituted by a lower alkyl group, 
35 (vi) an isoxazolyl group which is optionally substituted by a lower alkyl group, 

(vii) a morpholinyl group, 

(viii) a piperidyl group which is optionally substituted by one to four, same or different, substituents 
selected from the group consisting of a lower alkoxycarbonyl group, a lower alkylsulfonyl group, a 
lower alkyl group, a cyano-substituted lower alkyl group, a hydroxy-substituted lower alkanoyl group, 

^0 formyl group, a lower alkoxy-substituted lower alkanoyl group, and a lower alkylamino-substituted 

lower alkanoyl group, 

(ix) a cyclo lower alkyl group which is optionally substituted by one to three, same or different, sub- 
stituents selected from the group consisting of a hydroxy group which is optionally protected, a lower 
alkoxy group, and a pyrimidinyl-substituted oxy group, and 

45 (x) a pyrimidinylamino group which is optionally substituted by a lower alkyl group or a lower alkoxy- 

carbonyl group, 

R 4 , R 5 , R 6 or R 7 is 

50 (1) a phenyl group which is optionally substituted by a lower alkoxy group, 

(2) a heterocyclic ring containing N atom(s) which is optionally substituted by hydroxy group, a lower alkyl 
group or a hydroxy-substituted lower alkyl group, 

(3) a lower alkoxy group, or 

(4) an amino group which is optionally substituted by a lower alkyl group substituted by a heterocyclic ring 
55 containing N atom(s), a hydroxy-substituted cyclo lower alkyl group, or a lower alkyl group, or R 4 , R 5 , R 6 

orR 7 

(5) optionally combines with R 3 to form a lactone ring as shown in following formula; 
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or 




' / I 



9. The compound claimed in claim 3, wherein 

X is =N-, 
10 Yis-S-, 

R 1 is a pyrrolidinyl group which is optionally substituted by a hydroxy-substituted lower alkyl, 
R 2 is a lower aikylamino group which is optionally substituted by a phenyl group which is optionally substituted 
by one or two, same or different, substituents selected from a lower alkoxy group and a halogen atom, and 
R 3 is an amino group which is optionally substituted by a lower alkoxy group or a pyrimidinyl-substituted lower 
15 alkyl group. 

10. The compound claimed in claim 4, wherein 

X is =N-, 

20 Y is -N=N-, -CH=CH-, 

H 

— C=N C=C— or — N=C— , 

25 R R° R 7 

R 1 is (1) a lower alkoxy group which is optionally substituted by a lower aikylamino group or a pyridyl group, 
(2) an amino group which is optionally substituted by hydroxy group or a lower alkoxy group, (3) a heterocyclic 

30 ring containing N atom(s) which is optionally substituted by hydroxy group, a lower alkoxy group, a lower alkyl 

group, a hydroxy-substituted lower alkyl group, oxo group, a pyridyl group which is optionally substituted by 
a hydroxy-substituted lower alkyl group, or a pyrimidinyl group which is optionally substituted by a lower 
aikylamino group, or (4) a hydroxy group which is optionally substituted by a pyridyl group, 
R 2 is a lower aikylamino group which is optionally substituted by a phenyl group which is optionally substituted 

35 by a lower alkoxy group and/or a halogen atom, 

R 3 is (1) a lower alkoxy group which is optionally substituted by a phenyl-substituted lower alkoxy group, or 
(2) an amino group which is optionally substituted by (i) a lower alkyl group which is optionally substituted by 
the same or different subsituents selected from a group of consisting of a lower alkoxy group, a pyridyl group, 
a lower alkylpyridyl group, a pyrimidinyl group, a lower alkoxypyrimidinyl group, a morpholinyl group, and a 

40 lower alkyl pyrazinyl group, (ii) a pyridyl group which is optionally substituted by a lower alkyl group, or (iii) a 

cyclo lower alkyl group which is optionally substituted by hydroxy group, 
R 5 , R 6 or R 7 is 

(1) a phenyl group which is optionally substituted by a lower alkoxy group, 
4 5 (2) a heterocyclic ring containing N atom(s) which is optionally substituted by a hydroxy group, a lower 

alkyl group or a hydroxy-substituted lower alkyl group, 

(3) a lower alkoxy group, 

(4) an amino group which is optionally substituted by a lower alkyl group substituted by a heterocyclic ring 
containing N atom(s), a hydroxy-substituted cyclo lower alkyl group, or a lower alkyl group, or 

50 (5) optionally combines with R 3 to form a lactone ring as shown in following formula, 

/ I 



55 




11. The compound claimed in claim 5, wherein 



125 




EP 1 277 741 A1 



X is =N-, 

Y is -CH=N- or -N=CH-, 
R 1 is 

5 (1) a lower alkoxy group which is optionally substituted by one to three, same or different, substituents 

selected from the group consisting of a cyclo lower alkyl group, hydroxy group, a lower alkylamino group 
which is optionally protected, a lower alkylamino group, a lower alkoxy group, a hydroxy-substituted lower 
alkyl group, phenyl group, a lower alkoxyphenyl group, a hydroxy-substituted lower alkylphenyl group, a 
furyl group, a pyridyt group, a lower alkoxypyridyl group, a hydroxy-substituted lower alkylpyridyl group, 

io a lower alkylpyridyl group, a pyrimidinyl group, a lower alkoxypyrimidinyl group, and a morpholinyt group, 

(2) a lower alkylamino group which is optionally substituted by one to three, same or different, substituents 
selected from the group consisting of hydroxy group, a lower alkoxy group, a lower alkyl group, a pyridyl 
group, a lower alkylamino group, cyano group, a phenyl group which is optionally substituted by a lower 
alkoxy group and/or a halogen atom, and a hydroxy-substituted lower alkyl group, 

15 (3) an indanylamino group, 

(4) a heterocyclic ringcontaining N atom(s) which is optionally substituted by one to four, same or different, 
substituents selected from the group consisting of hydroxy group, a lower alkyl group, a lower alkoxy 
group, a hydroxy-substituted lower alkyl group, oxo group, a pyridyl group which is optionally substituted 
by a hydroxy-substituted lower alkyl group, a pyrimidinyl group which is optionally substituted by a lower 

20 alkylamino group, formyl group, mesyl group, a lower alkanoyl group substituted by a hydroxy group which 

is optionally protected, and carbamoyl group, 

(5) cyano group, or 

(6) a hydroxyl group which is optionally substituted by a pyridyl group, 
25 R2 is 



(1) a lower alkylamino group substituted by an aryl group which is optionally substituted by one to four, 
same or different, substituents selected from the group consisting of a lower alkoxy group, a halogen 
atom, an amino group, a lower alkanoylamino group, a formylamino group, hydroxy group, a lower alkoxy 

30 pyridyl group, a lower alkylamino group, nitro group, a halogen-substituted lower alkyl group, a lower 

aikylenedioxy group, cyano group, a lower alkyl group substituted by a hydroxyl group which is optionally 
protected, a lower alkylsulfonyl group, and a lower alkylsulfinyl group, 

(2) a lower alkylamino group substituted by an indolyl group, a pyrimidinyl group, a benzofuranyl group, 
a dihydrobenzofuranyl group, a lower alkylpyrimidinyl group, a dihydrobenzoxazolyl group or a dihyd- 

35 robenzimidazolyl group, or 

(3) an indanylamino group, 

(4) a lower alkoxy group substituted by an aryl group which is optionally substituted by one to four, same 
or different, substituents selected from a lower alkoxy group and a halogen atom, or 

(5) a lower alkoxy group substituted by a pyridyl group, 

40 

R 3 is 

(1) an aryl group which is optionally substituted by one to four, same or different, substituents selected 
from the group consisting of a lower alkoxy group and a lower alkylamino group, or an aryl group which 

45 is optionally substituted by one or two lower aikylenedioxy group, 

(2) a heterocyclic ring containing N atom(s) which is optionally substituted by one to four, same or different, 
substituents selected from the group consisting of a lower alkyl group, hydroxy group, an amino group, 
chlorosulfinyloxy group and a piperidyloxysulfinyloxy group, 

(3) a lower alkyl group which is optionally substituted by one to three, same or different, substituents 
50 selected from the group consisting of a morpholinyl group and a di-lower alkoxyphosphoryl group, 

(4) a lower alkoxy group which is optionally substituted by one to three, same or different, substituents 
selected from the group consisting of a pyridyl group, a lower alkoxypyridyl group, a pyrimidinyl group, a 
lower alkylamino group, a pyrazinyl group, a lower alkoxy group which is optionally substituted by phenyl 
group, a pyrimidinyl-substituted oxy group, a pyridyl-substituted oxy group, a pyrimidinyl-substituted lower 

55 alkoxy group, a morpholinyl group, a lower alkylmorpholinyl group, a N-lower alkyl-N-pyrimidinylamino 

group, a lower alkyl dioxolanyl group, a lower alkoxy-substituted lower alkoxy group, a pyridylcarbonylami- 
no group, hydroxy group, and a lower alkylpiperidyl group, 

(5) a cyclo lower alkoxy group which is optionally substituted by hydroxyl group, 
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(6) a piperidyl-substituted hydroxy group which is optionally substituted by one to four, same or different, 
substituents selected from the group consisting of a pyrimidinyt group, a lower alkyl group and a cyano- 
substituted lower alkyl group, or 

(7) an amino group which is optionally substituted by one or two, same or different, substituents selected 
from the group consisting of 

(i) a lower alkoxy group which is optionally substituted by a lower alkoxy group, 

(ii) a lower alkyl group which is optionally substituted by one to three, same or different, substituents 
selected from the group consisting of cyano group, hydroxy group, a lower alkoxy group, a phenyl 
group which is optionally substituted by a lower alkoxy group and/or a halogen atom, carbamoyl group, 
a lower alkylamino group, a pyridyl group, a lower alkylpyridyl group, a lower alkoxypyridyl group, 
pyrimidinyl group, a lower alkoxypyrimidinyl group, a morpholinyl group, a lower alkyl morpholinyl 
group, a hydroxy-substituted lower alkyl morpholinyl group, a cya no-substituted lower alkyl morpholi- 
nyl group, a hydroxy-substituted piperidyl group, an oxo- substituted piperazinyl group, a lower alkyl 
piperazinyl group, a lower alkylsulfonylpiperazinyl group, a pyrrolidinyl group, a lower alkyl pyrrolidinyl 
group, a lower alkyl pyrazinyl group, a tetrahydrofuranyl group, a lower alkoxy pyridylamino group, 
and a pyrimidinylamino group, 

(iii) a phenyl group which is optionally substituted by hydroxy group or a lower alkoxy group, 

(iv) a pyridyl group which is optionally substituted by a lower alkyl group, 

(v) a pyrazolyl group which is optionally substituted by a lower alkyl group, 

(vi) an isoxazolyl group which is optionally substituted by a lower alkyl group, 

(vii) a morpholinyl group, 

(viii) a piperidyl group which is optionally substituted by one to four, same or different, substituents 
selected from the group consisting of a lower alkoxycarbonyl group, a lower alkylsulfonyl group, a 
lower alkyl group, a cyano-substituted lower alkyl group, a hydroxy-substituted lower alkanoyl group, 
formyl group, a lower alkoxy-substituted lower alkanoyl group, and a lower alkylamino-substituted 
lower alkanoyl group, 

(ix) a cyclo lower alkyl group which is optionally substituted by one to three, same or different, sub- 
stituents selected from the group consisting of a hydroxy group which is optionally protected, a lower 
alkoxy group, and a pyrimidinyl-substituted oxy group, and 

(x) a pyrimidinylamino group which is optionally substituted by a lower alkyl group or a lower alkoxy- 
carbonyl group. 

The compound claimed in claim 6, wherein 

X is =CH-, 

Y is -CH=N-, -N=CH-,-N=N-, 



R 1 is a pyrrolidyl group which is optionally substituted by a hydroxy-substituted lower alkyl group, 

R 2 is a lower alkylamino group which is optionally substituted by a phenyl group which is optionally substituted 

by one or two substituents selected from a lower alkoxy group and a halogen atom, and 

R 3 is (1) a lower alkoxy group, (2) a lower alkyl group which is optionally substituted by a pyrimidinyl group or 

a morpholinyl group, or (3) an amino group which is optionally substituted by a cyclo lower alkyl group which 

is optionally substituted by hydroxy group. 




or 
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13. The compound claimed in claim 7, wherein 

X is =CH-, 
Y is -CH=CH-, 

R 1 is a pyrrolidinyl group which is optionally substituted by a pyridyl-substituted lower alkoxy group or a hy- 
droxys ubstituted lower alkyl group, 

R 2 is a lower alkylamino group which is optionally substituted by an phenyl group which is optionally substituted 
by one or two substituents selected from a lower alkoxy group and a halogen atom, and 
R 3 is (1) a lower alkoxy group, or (2) a lower alkyl group which is optionally substituted by a pyrimidinyl group 
or a morpholinyl group. 

14. The compound claimed in any one of claims 1-13, wherein an aryl group on R 1 , R 2 , R 3 , R 4 , R 5 , R 6 or R 7 is a 
monocyclic, bicyclic or tricyclic 6-14 membered aryl group which may be partially saturated, or a heterocyclic ring 
containing N atom(s) on R 1 , R 3 , R 4 , R 5 , R 6 or R 7 is a monocyclic or bicyclic 5 to 14 membered heterocyclic con- 
taining N atom(s). 

15. The compound claimed in claim 14, wherein 

the monocyclic, bicyclic or tricyclic 6-14 membered aryl group which may be partially saturated on R 1 , R 2 , R 3 , R 4 
R 5 r R 6 or R 7 is phenyl, naphthyl, indenyl or indanyl. 

16. The compound claimed in claim 14, wherein 

the monocyclic or bicyclic 5 to 14 membered heterocyclic ring containing N atom(s) on R 1 , R 3 , R 4 , R 5 , R 6 or R 7 is 
pyridyl, pyrimidinyl, imidazolyl, piperidyl, pyrazolyl, morpholinyl, piperazinyl, pyrrolidinyl, dihydroisoindolyl, tetrahy- 
droimidazo[1,2-a]pyrazyl, tetrahydroisoquinolyl, dihydro-5H-pyrrolo[3,4-b]pyridyl, naphthylidinyl, pyrazo[3,4-d]py- 
ridyl, tetrahydropyridyl, oxazolo[4,5-c] pyridyl, octahydropyrido[3,4-d]pyrimidinyl, thiazolo[4,5-d]pyridyl, imidazo 
[4,5-d]pyridyl, perhydrodiazepinyl, perhydropiperadino[3,4-c]piperadinyl, tetrahydroisoxazolo[4,5-c] pyridyl, hex- 
ahydropyrazolo[4,3-c]pyridyl, dihydropyridyl, tetrahydroxazolo[5,4-c]pyridyl, hexahydropyrido[3,4-d]pyrimidinyl, 
octahydropyrido[4,3-d]pyrimidiny1, tetrahydrothiazolo[5,4-c]pyridyl, imidazo[4,5-b]pyridyl, homopiperazinyl, perhy- 
dropyrazino[1 ,2-a]pyrazinyl, tetrahydropyridot4,3-d]pyrimidinyl, tetrahydrothieno[3,2-c] pyridyl, or tetrahydronaph- 
thylidinyl. 

17. A pharmaceutical composition containing a compound claimed in any one of claims 1-16 or its pharmacologically 
acceptable salt as an active ingredient. 

18. A method for treating electile dysfunction, comprising administering to a patient in need thereof an effective amount 
of a compound claimed in any one of claims 1-16 or its pharmacologically acceptable salt. 

19. A method for treating pulmonary hypertension, comprising administering to a patient in need thereof an effective 
amount of a compound claimed in any one of claims 1-16 or its pharmacologically acceptable salt. 

20. A method for treating diabetic gastroparesis comprising administering to a patient in need thereof an effective 
amount of a compound claimed in any one of claims 1-16 or its pharmacologically acceptable salt. 

21. Use of a compound claimed in any one of claims 1-16 or its pharmacologically acceptable salt in the preparation 
of a pharmaceutical preparation for treating erectile dysfunction. 

22. Use of a compound claimed in any one of claims 1-16 or its pharmacologically acceptable salt in the preparation 
of a pharmaceutical preparation for treating pulmonary hypertension. 

23. Use of a compound claimed in any one of claims 1 -1 6 or its pharmacologically acceptable salt for treating diabetic 
gastroparesis. 
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